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PREFACE 
READER: 


And principally to the Young Students in 


thele Sciences. 


I Shall not trouble my Reader ( in this place) to give him an account 


of the Antiquity, Progreſs, Excellency, and Unlity of the Mathe- 
matical Sciences, nor of ſuch Parts or Members of them, as are contai- 
ned in this Volume; for that the General Survey of the Work following 
this Preface,, and the Procems before the ſeveral Books and Parts here- 


of, will give him ample ſatisfattion in thoſe particulars. 


This which I have now publiſhed, was by me many Tears ſince deſigned; 
well knowing (by my own experience) that ſuch a Work in the Engliſh 
Tongue, ( for there are ſeveral in other Languages, ) could not but be 
wery acceptable to ſuch as are any ways Mathemarically affefed or incli- 
ned. And for ſuch as are delighted with Recreations of this kind, and 
have not much time -to ſpend in the Study of them, ſuch are bere fitted: 
For the ſeveral Parts hereof are ſo methodically diſpoſed, in ſuch an Order as 
they ought to be Read and Practiſed by ſuch as would (in ſhort time) at- 
tain to a competent Preficiency in them by their own Induſtry. 

And although there are divers Books extant of ſeveral Branches and 
Parts of the Mathcmaricks, and many ſuch by me publiſhed, yet the Mo- 


ney laid out in the Purchaſe, and the Tume that muſt neceſſarily be ex- 


pended in reading of them, are both here much abbreviated, this Book 
not having reference to any other than it ſelf. 

The moſt of thoſe Tractatcs of mine already publiſhed, were firſt writ- 
ten for my own private Uſe, and the Uſe of ſuch of my Friends and others 
that had a deſire to be inſtrufted by me in ſome of theſe Sciences, not in- 
tending to expoſe them to publick View; yet ſome of them ( at ſeveral 
times ) were (by a civil Violence) extorted from me, and ſo made pub- 
lick; all which have found good acceptation in the World, and upon that 


' account | of late accquainted ſeveral of my Mathemarical Friends with 


my former dejign, who earneſtly importuning me to purſue the ſame, I have 
aduen- 
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edventured to range them together, as they are In the following CURSUS; 
But how well I have performed the Work, I muſt leave that to general 
Cenſure, knowing that ST 

Pro captu Lectoris habcne ſua fara Libell:. 

' And now a Word or two to the Young Student in theſe Sciences. [ 
Jhall uſe no Arguments to commend the Mathematicks, or go about to 
prefer them before the Dogmaricks ; for that were but 10 write in the praiſe 
of Hercules ; yer 1 will ſay thas much of them, that although ſome Bo- 
dily Exerciſes, as Riding, Leaping, Ringing, G&c. may to ſome Bodics 
conduce more to Healthz and ſome Mental Labours to others, as Mer- 
chandiſing, Adventuring, Uſury, &c. more to Wealth, yet none affords 
the Mind miore Pleaſure with leſs Repentance than theſe do; and there- 
fore in a dull Solitude or vacancy of Buſineſs, ( both which may happen to 
Scholars, Gentlemen, and others, ) theſe are amiable Company, which 
yield a delightfull and innocent expence of vacant Hours. 

But it is a frequent Ozeſtion, What Profit 1s there in theſe ſublime 
and hard Studies? This needs no Anſwer, becauſe it imports the Igno- 
rance or Idleneſs of the Asker, or both; as*firft, for ſuch as make it their 
buſineſs to write or ſpeak, in a Quarrying way, what do they doe but de- 
clare their Ignorance, otherwiſe they need not ask what they already 
know: And Secondly, If ſome kind of Meat or Phylick ſhould be recom- 
mended to a Man with which he is yet altogether unacquainted; if he 
Jbould firſt ask whether they would pleaſe his Palate, or agree with his Sto- 
mach? the Queſtion z abſurd; for be cannot know that till he have 
taſted and digeſted; ſo the Idleneſs of the Asker may from hence be diſ- 
covered; for there is no Profit to be gained by any Science, except the 
Science be firſt gained by Induſtry. As for the difficulty of theſe Sci- 
ences, it muſt be granted, that the firſt Aſpef of them may ſeem uncouth 
and difficult, (Radices doftrinz amarz ſunt,. Fructus tamen dulces, ) 
yet there is no reaſon why any ſhould be deterr d hereby, but rather ani- 
mated with deſire to go on as far as others, or (at leaſt) to arrive to a 


competent Proficiency in them; in order to which 1 hope this CURSUS 


will, as Ariadne's Thread, lead them through the intricate Labyrinth of 


theſe Studies; which that it may do, is the earneſt deſire of him who is a 


Lower of the Mathematicks, 
Ene'T W. Leybourn. 
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378 | 23 | bring 21 deg. 661 | 6 | foregoing Table 3o | 1385 
399 | 7 | the Half Tangecs | lee ir | OP ad AQ 36 | 1393 
g02 | 13 the Limb, it | ibid. (50 51, through X 42 | 1399 
404 | wit. | Hour Lime of Six 666 6 | in the Departve, 43 | 1496 
go9 | 9 | or 12of 668 | 18 | of 50 deg. 54 | 1412 
410 2 | W tof gives ibid. | 21 | equal to CN, 
41il 53 | dele each of them 76,7 26 | Places L andP, is LPT, | 
421 | 28 | Aſcentional Diffcrence, = and ; 
424 * 5» 7 30 deg. 30 min, 
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Page 96, Read as followeth : 


259879.890625 
8vy63711.1 
: | 259879591 
' In this Example there ſhould: have been thir- 259879589 
teen Places of Parts cut off, but three were 2598799 
ſufficient for the occaſion. iSto9159 
77964 
I >) d) 9 2 
2339 
208 


299381.941 


In Page 367, Line 11, 12, 13, 14, I5, Read thus B 
deg, min. | | deg. min. 
16 oo & 16 oo North 


When the ) 25 oo m ( the Sun's Declination ) 19 og South 
Sun is in) 29 oo 2 (| will be found to be Y1t 52 South 


I oo Y o5 o9g North 


_— 


Paze 372 and 373, Probl, XVIIL is to be Read thus : 


The Latitude (5x deg. 30min.) the Sun's Place in the Ecliptick, (29 deg. oo min, 


of Taurus,) and his Altitude (12 deg,) being given, to find, 
I. The Sun's Azimuth at any time. 


Praftice. JH E Globe being reCtified, &c. the Quadrant of Altitude fixed, and 

brought to the Horizor, turn 29 deg. of Tawrks towards tne Eaſt, if in 
the Morning; or towards the Weſt, if in the Evening, till it comes to lie juſt under 
12 deg. of the Q#.4drant of Altitude ; and then note at what degree in the Hor1207 rhe 
Quadrant of Altitude reſteth, which will be at 17 deg. 8 min. from the Eaſt, (it in che 
Morning, ) or .at 17 deg. 8 min. from the Weſt (if in the Afrernoon,) towards the 
North: And this Azimuth, if reckoned by the Points of the Compaſs upon the Ho :- 
zo, Will be E. by N. 5 deg. 53 min. Northerly, (if in the Morning; ) or W. by JV. 5 a 
53 11. Northerly, (if in the Evening.) Now if you count the Degrees of the 
zon between the Quadrant of Altitude and the North part of the Meridian, you (: 4! 
find them to be 72 deg. 52 min. which is the Azimuth from the North : And if yo. 
count them from the South part of the Meridian, you ſhall find them to be 1c7 4:-, 
o8 min. which is the Azimuth from the South. ; 


3 +.xaty Ani of - + uti. + wp are the TOE" TRI WO on 
Y Ep en Coane reed, 3a; bo Fon 


4 Sar WAR bee beg gs ur oa a”! — 


CURSUME : 
MATHEMATICUS 


BO OL 


_— — > DO — 


——_— 


ARITHMETICK. 


In Four PARTS. 


| CONTAINING 
I. Natural, or Vulgar, Arithmetick, in Whole Numbers and 


Fraftions : Explaining the Principal Speczes and Ryles thereof, and 
the Reaſon of their ſeveral Operations; and the Extrattion of Roots, 

- Geometrically demonſtrated. 

II. Decimal Arithmetick ; by Tens, Hundreds, ec. Shewing 
the Excellency thereof ( above YVaulgar Arithmetick) in Mathemati- 
cal Operations; as in all kind of Menſurations, both of Plains and 
Solids; and alſo in Anatociſm, or Intereſt, both Simple and Com- 
pound: With the Making and Uſe of Tables of both kinds, for any 
Rate or Time propoſed. 


II. Artificial Arithmetick, both Logarithmetical and Logiſti- 
cal: Wherein the Nature and Conſftruftion of thoſe Artificial Num- 
bers called LOGARIT AMS, 1s fully declared; and the Uſes of 
them 1IJuſtrared in the ſeveral Rates of Arithmetick, in Anatociſm, 
and in ExtraHing of Roots to the higheſt Power. 


IV. Inſfirumental Arithmetick: Shewing how the ſeveral Rules. 
of Arithmetick may be pertormed : Three ſeveral ways, viz. 
I. By Inſpetiion only, by Decimal Scales to reduce Vulgar 


Fractions to Decimal Parts, and thoſe again to Yulzar Frattions. 
II. By Rhabdologia, or Speaking Rods, vulgarly called 
NEPEJTRSs BONES. 
III. By Logarithmetical Scales, and by the application of 


Compaliles thereunto, to work all Proportions Arithmetical and 
Geometrical. | 


By WILLIAM LEYBOURN, Philomath. 
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Explaining the Principal Species and Rules thereof, in 


Whole Numpers and Fraftions; and the Reaſon of their Opc- 
rations Geometrically demonſtrated. 
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Proeme, 
Of the Antiquity, Progreſs, Excellency, and Uſe of Arithmerick. 


OR the Antiquity of Arithmetick, it is generally conceived to be co-aged 
with the World, or the Infancy thereof; for, tn the beginning of Time, the 
Omnipotent Creatour and Artificer of the World laid the Strutture of it in 
Number, Weight, and Meature, as the Wiſe Man bath 7t. 

The firſt Praititioners in this Art, are recorded to be Seth, and his ſucceeding 
Generation, in imitation of their Parent, whom they eſteemed as'a God : For Joſe- 


phus, 7 the third C hapter of his firſt Book of Antiquities, affirms, That his Race: 


were of ingenious Diſpoſitions, and the Inventors of Aſtronomy : 4nd as Dubar- 
tus hath it, 


Old Seth, (faith Heber,) Adam's Scholar yerlt, 
(Who was the Scholar of his Maker firſt, ) 

Having attain'd to know the Conrſe, and Sztes, 

Tit Aſpects, and Greatweſs of Heav'ns gliſtring Lights, 
He taught his Children, whoſe induſtrious Wu, 
Through diligence, grew excellent 1n it : 

For while ther Flocks on flow'ry Shoars they kept 
Of tl Eaſtern Flouds, while others ſoundly ſkepr, 
They, living luſty, thrice the Age of Ravens, 
Obſerv'd the twinkling Wonders of the Heavens ; 
And on their Grandftre's firm and goodly Ground, 
A ſumptuous Building they in time do found. 


Which were Two Pillars, one of Brick, and the other of Stone : For, 
C Phale 
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Phalec and Feber, as they wandred, fand 

A huge high Pillar, which upright did ſtand; 

And afterward another, nigh as great, 

But not ſo ſtrong, ſo ſtately, nor ſo neat ; 

For on the flow'ry Field it lay all flat, 

Built but of Brick, of ruſty Tiles and Slat ; 

Whereas the firſt was builded fair and ſtrong, 
Of Jaſper ſmooth, and Marble laſting long. 


From them this Knowledge deſcended unto Noah, and after the Floud, ( with the 
reparation of Mankind,) revivd again by the induſtry of the Syrians, who were ex- 
pert in all Mathematical Sciences, of-which Agithmetick is Primum Mobile. - 7he 
Phenicians, by Strabo, Lib. 6. are recorded to be famous in Arithmetick, Naviga- 
tion, axd a Warlike Arts. 7he Chaldzans inſtructed Abraham, and he the Egyp- 
tians, i Arithmetick, and the Motions of the Heavens. From hence theſe Sciences 
did arrive in Greece, and from learned Athens tranſported to Rome; and from 
thence diſperſed over Europe, unto the Britains, where all Learning flouriſhed, untill 
ſuppreſſed by Herefies, ana Heatheniſh Impieties. 1n the time of the Engliſh Saxons 
Religion returned again, with the Liberal Sciences, and all kinds of Learning, atten- 
ding upon her Train. England twice — to be the learned Tutour unto 
France ; aud fince that, all Arts have flouriſhed here, though leſs in' the Theory 
_ in the Practick Part, every one not being born to be dn Artiſt ; according to the 
Adagie, 


Non cuivis Homini contingat adire Corinthum. 


The Uſe and Excellency of Arithmetick is manifeſted by many ancient Writers ; 
and grave Philoſophers; and this Science of Numbers by them placed as the Pri- 
mum Mobile to aZ other Mathematical Sciences : For it clears all Difficulties in 
Quantities; 4 proves a/ Angles, Lines, and Superficies ; it meaſures the Magyi- 
tudes of all Bodies, the Gravity and Proportion of Weights ; it diſcovers the Har» 

 mony of Sounds i» Muſick; it ſolves all enigmatical Problems in Geometry, 
Aſtronomy, Navigation, Architecture, either Military or Civil; and wonderfull ſe- 
crets in the Optick Sciences. 7 will inſtance in a few : And firſt, Archytas Taren- 
tinus, oxe of Plato's Diſciples in Geometry, ſo renowned and recorded to Poſterity 
for his Knowledge in Arithmetick, that the ingenious Poet Horace, Lib. x. Ode 28. 
thus writes of him, | | 


Te Maris, & Terrx, Numeroque carentis Arenz 
Menſorem, cohibent, Archyta, 
' Pulveris exigut prope littus parva Matinum 
Munera. x 


Alſo, how aſiiſtant was Arithmetick to Archimedes in examining the Crown made 
for the King, of Sicilia, ito the Gold whereof the Maker had mixed other adulterate 
Metal ; which, how much pure Gold was therein, and how much adulterate Metal, 
this famous Artiſt diſcovered without defacing of the Crown. 

But, beſides the general Uſe of Arithmetick in Mundane Affairs, as in Merchan- 
diſing, Buying, Selling, &c. 2 is of excellent Yſe in the compoſition of Simples, 
for the making of Medicines, in reſpett of the Temperature in any of the Four De- 
grees, viz. Hot, Cold, Dry, Moiſt. Infinite are the Uſes to which this Science is 
applicable ; but leaving them to be applied to ſuch Uſes as every Man ſhall haye oc- 
caſion, I proceed to the Praflice thereof. 


CHAP. 


park © ARITHMETICK. 


Rn, CH: 4-76 
Of ARITHMETIC K in General 


" Definition. A RITHMETICK is the Art of Numbering well, and to the attaining 
thereof theſe things following are required to be known: 

Firſt, The Number of the F guns, or Charatters. | 

Secondly, Their Kinds ; as lingle, or joined with others.. 

Thirdly, Their Yalaes. 

Firſt, For the Number of the Fignres, or CharaCters, they are Vine, thus Named 
and Charatteriſed, | 1" 

Their Names, One, Two, Three, Four, Five, Six, Seven, Eight, Nine 
Their Charatters, 1 2 3 4 a> >< | IS | 

To which muſt be added an [0] which is called a Cypher. 

SeconCly, For their Kinds, and thoſe are Three; namely, Digir Numbers, Article 
Numbers, Aixt or Compound Numbers. 

ſ{. All Numbers conſiſting of one ſingle Figure, or Charafter, are called Digit Nun- 
bers, as, 1, 2, 7, 3, 9, Oc. | | | 

I. If a Cypher, or Cyphers, be added to any Digit Number, it maketh it an Article 
Number ; as, 70, 39, 60, 50, Or 200, 500, 800, Fe. ' 

II. If many Dygirs alone, or many Digies and Cyphers ſtand together, ( in one rank 
or row,) promiſcuouſly placed one among the other, ſach Nambers are called Mixr, 
or Compound Numbers; and ſuch are theſe, 26, 34, 672, 403, 8706, &c. 

The Number, Names, Charatters, and Kinds of Numbers being thus far explained, 
the next thing to be known is their Yale, being thus promiſcuouſly diſpoſed ; and 
* that ſball be ſhewed in the following Chapter. * 


CHAREM 
Of NUMERATION. 


Definition. UMERATION is that part of Ariehrerith which teacheth how to Read 
| any number of Figures that ſhall be ſet or written down; or how to 

Write, or ſet down in Figures, any Summ, or Number, that ſhall be required. 

For the effeCting of this you are to conſider, that the Progreſſion of theſe Figures, 
( many of them being ſer together, is Decimal, or by Tens: For every Figure ſtan- 
ding, to the Lefe hand, is encreaſed Ter times the Yalue of that Figure which ſtanderh 
to the Right of it. 

And ſo if one Figure ſtand fingly by itſelf, it ſignifieth ſimply itſelf ;- as 7 ſtanding 
alone, ſignifieth only Sever; and 4 alone, only Four. | | 
| Bur if a Cypher be ſet to any one of the Nine Digies, (to the Right hand of it, ) 
it increaſeth the Digit to Ter times his Value; as, a Cypher ſet on the right hand of 
7 thus, [70] ir maketh the 7 Seventy; being ſet to 4 thus, [40] it maketh the 4 Forry; 
to 6 thus, [60] Sixty, &c. | 

And if any two Digits be placed together, that which ſtandeth on the Right hand, 
ſignifieth only itſelf, but that Figure which ſtandeth to the Zefe hand, ſignifieth its 
own Value Ten times, and muſt be fo read or expreſſed, Thus theſe two Figures 
7 and 4 being placed together thus, [74] the 4 to the Right hand ſignifieth only Four ; 
but the 7 to the Left hand lignificth ten times 7, that is Seventy, and mult bg fo called 
and theſe two Figures together mult be read Seventy Foxr. In like manner, 


83 Eighty three. 
6 2 Stxty two. 

91 mult be read Ninety one. 
+5 Forty frue, &C. 


| Again, If three Digits ſtand together, that towards the Right hand ſignificth only 
uſelf;, the ſecond, or middle Figure, Ten rimes itſelf; and the third, next the Left 


hand, One hundred times itſelf. Thus theſe three Figures 7, 6, and 3, ſtanding to- 
| C2 gether 


— OD 
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R ther thus, [763] the 3 ſignifieth only Three, the 6 Sixty, and the 7 Seven huwmnared, 
-" muſt at or Rd; namely, Seven hundred $ixty Three, In like manner 


theſe following Numbers, 


7127 Seven hundred Twenty Seven. 
6 Four hundred Sixty Nine. 

: * muſt be thus read, Three hundred and Two. 

888 Eight hundred Eighty Eight. 


And let this ſuffice for the Reading or Expreſſing of Numbers conſiſting of Three 
Figures, or Places, which may properly be called a Period: For he that can number 
or read three Figures properly, may ( by the ſame reaſon ) read or number as ma- 


ny as he pleaſes, and give unto them what appellation he will. : 
"noel Three Period. being ſufficient for any occaſion in Mundane Affairs, I ſhall 


— add 2 ſhort Table conſiſting of Three Periods z the Firſt of Unices, the Second 


ds, and the Third of A$l/ions. | 
ned This Table, conſiſting of Three Periods, 
hath under the Firſt Period this Number, 


7” On II FJ 
þ : 27] or Four hundred Seventy Two Unites ; 

T T T == the Second Period this Number, [ 261] 

I A A or Two hundred Sixty One Thouſands z under 

QI R, V, the Third Period this Number, [ 793] or 
A VAN FAA Seven bundred Ninety Three Millions: And 
Millions, Thouſands, Unites, | fo the Three Numbers ſtanding together as 
SIO TIO ID one entire Number, being diſtinguiſhed by 

| } is a? hy 25 a Point between every Period, ſtand thus, 
Ow A - [793-261.472] and are thus to be read, 
ww » 2 * Seven hundred Ninety Three 24hions, Two 
EEG; de + th pw S hundred Sixty One Thouſands, Four hundred 


Seventy I'wo Unmtes. 

According to this Example may any other Number, of a like number of Periods, be 
read; and if any deſire to number more Periods, he may attribute to them what appe!- 
lation he pleaſes; as Tens of Millions, Hundreds of Millions, Thouſands of Millions, &c. 
or Millions of Miltons, &C. 


The Illuſtration of Numcration in Lines. 


WA—Tt cf. +... 

10 , 4© ,5Fo , 60 , Jo , 80,290 , 100. 5; 

C [pp 24224 2452 462,10 460,99 , 100, 
= I M NM - 0 P r : 


FT $ 
F [-4.9942.29, 399, 400,300,600 , 7700 , Boo 4 900, 1000 ,F1 
4 WW rw - RR - | rf, 3 5 | 


As Numbers are increaſed Ter times their Value by the Addition of one Cypher to the 
Number, towards the Right haxd, ſo Lines are alſo encreaſed decimally, by ſub-diviſions : 
For if One Unite of a Line divided into Ter equal Parts, be ſub-divided into Ter ſmal- 
ler equal Parts, that increaſeth the Line in value Ter times ; and if one of thoſe /ub- 

viſions ſhall again be divided into Ter ſmaller parts, that ſhall encreaſe the Line yer 

en times more, and ſo on. | 

For Example : Let the Line A B be ſuppoſed to be One Statute Foot, divided into 
Ten equal, Parts, as A«bcdefghiB, then is every one of thoſe Diviſions, as A 4, 
one Tenth part of a Foot; Ab, two Tenth parts of a Foot ; and ſo the whole Line, 
A B, ten Tenth parts, or one whole Foot. But if one Unite of the Line C D were 
divided into Ten parts, as Ck is, then the whole Line C D would be Ten Foot. 
And again, if One of the Tenths thereof, as E r, were divided again into Ten parts 
then E # would be 100 parts, and the whole Line E F 1000 Feet. | 

Having thus laid the Foundation, by giving an account of the Charaters, Names, 
Kinds,” Degrees of Places, and how to Read or Expreſs any Summ or Number of Fi- 
gures, orderly placed together, our next work ſhall be to ſhew how to work the Princi- 
pal Speczes, or Rules, of Arithmerick; which are ( generally taken to be) Four ; viz. 

| I. Adai- 


EE NnE 122402 HR” J 


| Tens, and 4 remaining ) =—_ the 4 under the Line, and carry the 


*V 


Part I. - ARITHMETIC K. 


1. Addition, In Multiplication, 
2. Subtra#ion,) 04. Diviſion. 


Which indeed are but Two; for Multiplication is but a compendious way of Addition, 
and Subtrattion a Compendium of Diviſion, For it is poſſible for a Man to A4ulriply 
or Divide (and that by the Pen) the /argeſt and moſt difficult Summ that can be pro- 
poſed, although he cannot tell by 2Jemory that 8 times 3, or 3 times 8, is 24; or 
6 tines 6 is 36; or 8 times 91s 72, &c. But (becauſe I wonld not be thought to 
be ſingular ) 1 ſhall retain the uſual way, as others have done before me, beginning 
with the Firlt. | | 


C HAFE BL 
of ADDITION. 


Definition. A DDITION, being the Firſt Species of Arithmerick, is of Two kinds, 

namely, Simple and Compound; and it teacheth how to bring divers 
ſmaller S«-mms into one entire or Groſs Summ, Which is called the Aggregare, Toral, or 
Groſs Summ. : : 

Simple Addition teacheth how to add divers Summs of one Kind, Name, or Deno- 

mination, ( as Men, Pounds, Ships, &c. ) together, and bring them into one entire or 
roſs Sunmim. 

4 Y 01:poznd Addition teacheth how to add divers Summs of different Kinds, Nhmes, 

or Uenominations, (as Pounds, Shillings, and Pence ; Hundred Weights, Quarters, Pounds, 

and Ounces ;, Quarters, Buſhels, Pecks ;, Tears, Mombs, Days, Hours, and Minutes, to- 

gether, and to bring them into one entire, Total, or Groſs Summ. 

For the Working of Simple Addition, you mult fet the Numbers to be added toge- 
ther one under the other; that is to ſay, Unites under VUnites, Tens under Tens, Hun- 
dreds under Hundreds, &c. and for the performance thereof this is the RULE: 

Having placed your numbers to be added in due order, one under another, draw a Lixe 
wnder them, ard begin at the lowermoſt Figure toward your right hand, and add that tg 
the next Figure above, and the fſumm of them to the next Figure above that; procee- 
ding in this order, 11ll you have added the whole Line, or File, together , which when you 
bave done, conſider how many Tens are contained in that Line; and for every Ten Gp 


\ one Unite in your mind, to be added to the next File, or Row; but if there be any odd 


Digits, you muſt ſet them beneath the Line, juſt under the Line you added together : Ha- 
ving thus finiſhed the Addition of one Line , proceed to the next, and from thence to the 
third, and ſo forward, be there never ſo many. | 


$I. ADDITION of Numbers of One Denomination. 


Example 1. Let the Numbers given to be added together be 7832, 
$609, 376, 8547, having thus placed them in order one under another, 
as in the Margin is done, draw a Line under them; then begin your 
Addition at the lowermoſt Figure towards your right bynd, faying, 7 
and 6G is 13, and 9 is 22, and 2 1s 24; now (becauſe in 24 there are two 


two Ters to the next row of Tens, ſaying, 2 which I carried and 4 make 
6, and 7 makes 13, and 3 makes 16; in which row there is but one 
Ten contained, and 6 remaining, which 6 ſet under the Line, and carry 
the Ten to the next row of . Hundreds, ſaying, 1 that I carried and 5 — 
make 6, and 3 makes 9g, an1 6 makes 15, and 8 makes 23; in which 23, 2 
Ten 1s contained two times, and 3 remaining; the 3 place under the 
Line, and carry the two Ters to the next row of -Thouſands, ſaying, 2 which I car- 
ried and 8 make 10, and 5 makes 15, and 7 makes 22, in which Ter is contained 
two times, and 2 remaining, which 2 ſet under the Line; and becauſe there is never 
another row to be added (ro which yon ſhould carry the two Tens) therefore ſet 
2 down alſo under the Line towards the left hand, as you {e done in the margin : So 
the zoral or groſs Summ of theſe numbers, being added together, is 22364. 


& wy Thoxſanas, 
Ma w © o& Hundreds. 


þ vw © w Tem, 
WW 0A © te. Vnit, 


to 
We 
Q 
+ 


Ex#anjle 


ol bn hy es * 


V > 
q i; E : 
w_ 4* 
- FS 6s CW 595- ET / a 8 b th 44 a 4 LS ay £ 544.4 Med = Y bo 4 At we 
p X _ _ —_ _— -_ ———_ 5, "od ws - SI $ ” paDTEHIOA ug "YEP r= re 15, wor - h_ nn oe I r= LIT - ky rms SAN OR 
war ty _ v hoageam1 ” OIEG 1 < hf Wes « - er L oy - a = % "ry a .. 
4 a oy - Q ” og - : , l 2 et % 
= " _ . «Cid FEP® , F = —_ © , 7 - - . 
y pes by" + FN We. - _ + 65 HY 54 ——_— c hm Sa — 1 6.5 TSP is” 4 - TP Vs _ » 4 Ss " a $9. = co P . Py - $a, wepton ne . oy > s 
wgbe 19 prooeh * {My » 1 —_—_ Oba SP TRIEC..x SID bo VETS _ WYh - 33.2 > et PLN 6; tn ety ne (gs 0 on ee I oi - "IP 
ol 4. ws — —<o4, ad me ng > dt s fg > "4 Ou ere 5 WR. V0 ts. eel Fo ter eB roy 4 on KA l as = os 38: 0-0-4 RP I Ml _ , - >. wa Fe "5 SI 
ou £ : 6 Ut is MM l l y _ x fl 3 a 1 : - 8 , : Wo 6 Wa a IS 9 > _ PIs >> SER: * Fe. —__ ef" en 
F 4 a ; £4.4 2 bs rk « Bir A B65 £:4425388 k ka Tn . 4 a 2 tbo- No 4TF pd ZR» 1? AM I 4 wa OR RAGE; - I» 4 He rede. . Cow 8d ' wy ry o _ 4 "> 
" wx > r— - w— - wh - mitt ratios. AR aca abies a wy al $7. 0I ot +6 ante CO us w | SR. > eee i -2.2* GS OPIN TED 
_ #9 ny * - -— - - _ ” __ - $+-<r warn i Soren Be wade 
* 
" . 
: LO 
h 


OR oe A Io 
; 


NS. $2 etedap by, 


"ns -< POR 
£ ——_—— —— - - >> a 44 
- —— 
neg On OF", 
>— nm Sethe A ees Cee IA NE 


” - 
—_——— "—_— 


"NATURAL or VULGAR Book 1. 


+ dhe.” + es 


Example 2. A Man hath in his Ortyard 136 Apple Trees, 76 Pear Trees, 107 Cher- 


ry Trees, and 36 Plum Trees, and he deſires readily to know how many Trees he hath in all. 
Place your numbers one under another, as in the margin, and 
Apple Trees 136 then begin to add them together at your right hand, ſaying, 6 and 7 
Pear Trees 76 Make 13, and 6 makes 19, and 6 makes 25 ; place 5 under the line, 
Cherry Trees107 and Carry 2 to the next row, ſaying, 2 and 31s 5, and 7 is 12, and 
Plum Trees 36 31S15, Place 5 under the line, and carry 1 to the next row, ſaying, 
 —— 1and11s2, and 11s 3; Which 3 ſet under the line, and ( becauſe 
Trees in all 355 there were no Tens contained in that line, therefore) the total is 

355, and ſo many Trees are in the Ortyard. 


Other Examples for Prattice. 


95432 321 9161 $0423 3020 
76100 1986 235 16572 [Gl 
2570 23 72 83109 Fi 3 
832 1107 9 4973 69 


Oe en e————_—— 


Total 1794934 Total 3437 Total 9477 Total 155977 Total 3562 


$IL ADDITION of Numbers of Divers Denominations. 
I. ADDITION of Engliſh Money. 
The moſt uſual Coins uſed in England are Pownds, Shillings, Pence, Farthings, of 


which 
4 Farthings 1 Penny d. 
12 Pence C make ; 1 Shilling © thus Charattered, , s. 
20 Shillings 1 Pound li. 
For a Farthing we uſe g. 


For the performance of Addition of divers Denominations this is the RULE: 
Place all Numbers of the ſame Denomination one direftly under another, as Pounds un- 
der Pounds , Shillings »nder Shillings , Pence «nder Pence , and Farthings under Far- 
things : Then draw a Line under them, and begin your Addition with the leaſt Deriomi- 
nation firſt, obſerving bow many times the next greater Denomination 45 contained in that 
leaſt, and for every time carry one unite 10 the next Denomination, as before you did the 
Tens, ſetting down the remainder, if any be, then adding the next Denomination together, 
take notice how many times the next greater Denomination ts contained in the leſſer, car- 
rying for every time one to the next greater Denomination ; thus proceeding till you have 
gone over all the Denominations, be they never ſo many. 
Example 1. Let the numbers to be added together be 37 s. 16s. 


hi. $$ <> 9. | gd. 39. 216. 95. 8d. 19: 134. 125. 94. 24. Place the num- 
37 16 9. 3, bersas in the margin, draw a Line under them, and begin with the 
21 og. 8. 1 leaſt Denomination ( which in this Example is farrhings ) firſt, ſay- 
13 12 9 2 ing, 249. and19.1s 34. and 34. is6q. which is one penny, and 
DESO 24. remaining ; which 2 9. place under the Line, and carry the one 
72 '19 3' 2 penny to the next row, which is the place of pence ; ſaying, 1 4. 


and 94. is 104. and 84. is 184. which is 15. and 6d. (Now againſt 
the 8, male a prick with your Pen, for your better remembrance, 10 ſignifie that there js 
one ſhilling to be carried to the place of ſhillings, ) and then go on, and ſay, 64. and 94. 
is 15d. which is 1 s. and 34. therefore againſt 9 make a-prick with your Pen, and 
( becauſe that is the laſt number) ſet down the odd 3 4. under the place of pence, and 


(ſceing you find two pricks in the line of pence, therefore ) carry 2 5. to the place of. 


ſhillings; ſaying, 2-5. which 1 carried and 12 5. is 14 5. and 95s. is 23s. which is 1 4. 
and 3 s. remaining z make a prick againſt 9, and going on, ſay, 3s. and 165. is 195. 
which (ſeeing there are no more numbers to be added, and being alſo leſs than 20 . ) 
ſet under the line, and finding one prick in the line of ſhillings, theretore carry one 
to the place of pounds; ſaying, 1 which I carried and 3 is 4, and 1 is 5, and 7 is 12; 
ſet down the 2 under the line, (as in Addition of Numbers ot one Denomination, ) 
and carry one to the next row; ſaying, 1 that I carried and 1 is 2, and.2 is 4, and 3. 
is 7, which, being the laſt, ſet down, and ſo the total, or groſs Summ is 721. 195. 
3d. 24. 
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Part I. ARITHMETICK, 
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Example 2. Let the numbers to be added be 29/:. 16s. 8d. 326. 175. 9d. 8th. 
135. 11d. and let it be required to find the tocal, or groſs ſumn!. Here in this 
Example the leaſt Denomination is pence, therefore begin with them, 
and ſay, 11d. and 9d. is 20d. which is ts. and 84d. makea prick /—j5 gs, 4. 
2gainſt the 9, and ſay, 8. ard 8d. is 16 4, that is 1s. and 4d. make 2g 16, 8. 
a prick againſt the 8, and ſer down the odd 4 d. then ( becauſe there 32 17. 9g. 
are two pricks in the line of pence) you mult carry 2 5. to the place $8r 13 rn 
of ſhillings, ſaying, 2 5. which I carry, and 135. is 15 5. and 172, is - 
32 5. Which is 1/5. 12. make a prick againſt 17, and ſay, 12s. and 144 03 04 
16s, is 28s. make a prick againſt 16, and (becanſe there are no 
more numbers to be added ) ſer down the odd 85s. under ſhillings, and ( feing there 
are two pricks in the line of ſhillings). carry 2 to the place of pounds ; ſaying, 2 and 1 
is 3, and 2 is 5, and 9g is 14, ſet down 4 and carry 1 to the next line; and fay, 1 and 
$ is 9, and 3 is 12, and 2 is 14, which ( becauſe it is the laſt) you ſet down, ſo is 
the total, or groſs ſumm 14416. 8s. 44. 


Other Examples for Praftice. 


b. 5. 


&-:-4 d. 9. &, :% <& Es d. q d. 
29 :18. 43 36:2 FT "a0 Ro 32t- 27 <G: 
63 $3 I eo 209; 10 13;- 1. BY 1B. 4 
229.4 oO: 2 31 16. 9. 679 <-S-;. 3 17 16 
3 0-1 EF -2- Þ 618 17 $” 0 412 6 3 
326 Ol 3 log 3 8 941-: 10.90: 2 8-3 18 9 


# 


Il. ADDITION of Troy-weight. 


Troy-meight is a weight uſed in England, by the which is weighed Bread, Gold, S:l- 
ver, Pearl, &c. the moſt uſual denominations of which weight are Pounds, Oxnces, Pen- 
2y-weights, and Grains; of which 


24 Grains 1 Penny-weight, pw. .- 
20 Penny-weight > make < 1 Ounce, thus charaQered, < os. 


12 Ounces 1 Pound, lb. 
For a Grain we write gr. 


The Addition of Troy-weight ( and_ conſequently of any other weight or meaſure 
whartſoever, either domeſtick or foreign) differeth nothing at all from the Addition 
of Engliſh Coin laſt taught, if the affinity of one denomination to arother be firſt 
known. # | | | 

For, whereas in Money, becauſe 12 d. make x 5s. you therefore obſerve how many 
twelves there are in the addition of your pence, and for every 12 you add 1 ſhilling 
to the place of ſhillings; ſo in the Addition of Troy-weight, knowing that 24 or. make 
one permy-weight, you mult therefore in the addition of Grains of Troy-weight obſerve 
how many times 24 you find in your line of Grains, and for every 24, carry one to 
the place of perny-werghts; likewiſe, in the addition of -weights, you muſt conſi- 
der how many times 20 is-contained in your line, and for every 20 carry one to the 


Place of cunces, ( becauſe 20 penny-weights make an ounce; ) alſo, in the addition of 


Ounces Troy, you muſt obſerve how many times 12 you find in your line of oznces, 
and for every 12 carry one to the place of pounds ; then, laſtly, add your pound: to- 
gether, as numbers of one denomination. 

Example : Let the numbers tobe added together be 7 1b. 11 ox. 13 pw. Ig9gr. 61b. 
7 08, 16 pw. 19 gr. 3 1b. 704. opw. 6gr. Place your numbers as in Addition of 
Money, each under other, according to their reſpective denom:- 
nations, as In the margin ; then draw a line under them, and be- /þ, os, pw. or, 
gin your Addition with the leaſt denomination firſt, viz. Grains, - 11. 13 19 
laying, 6 gr. and 19gr. is 25 gr. which is one penny-weight and 6 ©7. 16. 19. 
one grain, make a prick againſt 19, and carry the odd grainto 3 o©7 og os 
the number above, faying, 1 gr. and 19gr. is 20 gr. which ( be- 
cauſe ir is leſs than one penny-weight) ſet under the linez then 19 02 19 20 
finding one prick in the line of grains, therefore carry one to 
the place of penny- weights, ſaying, 1 and 9 is 10, and 16 is 26, which 1s 1 ounce and 


. 6 pw. make a prick againſt 16, and-ſay 6 and 13 is 19, which (being leſs than an 


ounce) ſet under the line; then for the one prick carry 1 to the place of ounces, 


ſayings 
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ſaying, 1 and 7 is 8, and 7 is 15, which js 1 pound and 3 ounces z make a prick at 7, 
and ſay, 3 and 11 is 14, which is 1 pound and 2 ounces ; make a prick againſt 11, and 
ſet down the 2 ounces, and for the two pricks carry 2 pounds to the place of pounds; 
ſaying, 2 and 3 is 5, and is 11, and 7 is 38, which ſet under the place of pounds ; 
fo is your Addition ended, and the ſumim is 13 1b. 2 0x, 19 pw. 20 gr. 


Other Examples for Prattice. | 


X »& berechs LEE LE ITT ES vDLIIIES - RI 3A 


lb, ou. pw. gr. lb. on. pw. or. lh. ou. pw. gr. 
SS. : 19.7 $2 46 D. 20-19 4 617 O% 18. 23. 
07 I8sj. ;6 9. 6 $6 ; 64 11. O03 16 
34 BS. Is. 10 0 039% Se 12 05 Ig. Op 
S $0! is 7 S- |-:$:---S: 39 96 10. I2 20 


he. — —— 


94 3 18 18' r-:260 $8 20 792 O02 14 IF 


ul. ADDITION of Avoirdupois little weights 


There is another kind of weight moſt commonly ufed in England, called Avoirdupois 
little weight, by which is weighed all ſorts of Wares or Merchandiſe, garblable, as 
Sugar, Pepper, Cloves, &c. This weight is commonly divided into theſe denomina- 
tions, Pounds, Ounces, and Drams, of which 


16 Drams 1 Qunce | 5 
i Oonces + make 3 i Pound thus charactercd 4 tb. 


For a Dram we write dr. 


In the Addition of Avoirdupois-weight, you muſt obſerve the very ſame method and | 
order as in Money and Troy-weight, having due reſpe@ to the quantity of the denomi- l 
nations; as in the Addition of arms, to make a prick at every 16, ſetting down the j 
remainder, and for ever prick carrying an unite to the next place. The preceding ; 
Rules being ſo copious in this particular, I ſhall forbear to make any verbal illuſtra- ; 
tion, but only give you ſome Examples ready wrought, together with the moſt uſual 
parts into which the Weights and Meaſures now uſed in England are divided ; which to 
the ingenious will be ſufficient. 


Examples of Addition of Avoirdupois /irrle weight. 


lb. on. ar. Ib. on. dr. Ib. on. dr. lh. on. dr. 
12 11. ©9 06 13. Oy 576 15. 12, 829 12. 07 > 
76 oF 12. OF ©g. 12 734 Il. 10 63t Oo7. 11. 6 
32 100, 090 O6 O©O3 Og. - _ ab: 7 oY» Wy 13 13 
on ins. 0 oo _ oo 68 04. 1n. 44 17. O3- 
32 -13 0©o7 oF ©&7 Og bs "-S0-- \vÞ 89 04 13 


a 


246 00 Og 34 O©O2 Og 1422 Og It 1904 OI I4 


IV. ADDITION of Avoirdupois. great weight, 


There is a weight commonly uſed in England, by which is*weighed all commodities 
that are ſold by the hundred, as Corirs, Wool, Fleſh, Butter, Cheeſe, and the like, the 
which hundred weight containeth 112 pounds, and the hundred weight is divided into 
Laarters, Ponds, and Ownces ; {o that 


Retr PLIDe 
wager; toons 
«by <magtt nes ha 
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4 4 
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16 Ounces 1 Pound, tb. 

28 Pounds c make , 1 Quarter of a Hundred, thus charaCtered, ; qr. 

4 Quarters 1 Hundred weight, | A 
For an Ounce we write 0s. | 


Examples of Addition of Avoirdupois great weighr. 
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Part L ARITHMETIC. 


I might farther proceed to give you Examples of Addition of common Envliſh Mea- 
ſures, viz. of Long Meaſures, Liquid Meaſures, and Dry Meaſures ;, as alſo of Time, 
Motion, &c. but the preceding Examples being of ſufficient extent, 1 ſhall forbear ro 
trouble either my ſelf or the Reader. with that which I conceive ſuperfluous : Only, 
before I leave Addition, 1 will give you a brief view of the moſt uſual A{caſures uſed 
in England, which take as followeth. _ | 


V. Of Liquid Meaſures. 


Liquid Meaſures are thoſe by which all ſorts of Liquid Subſtances are meaſured, of 
which, ( according to the Statute of 12 Her. 7. chap. 5.) a Pint is the leaſt, from which 
the greater Liquid Meaſures are deduced, according as is expreſſed in the Table fol 
lowing : 


2 Pints ; .C 1 Quart. 

2 Quarts | 1 Pottle. 

2 Pottles | 1 Gallon. 

8 Gallons 1 Firkin of Ale, Sope, or Herrins. 
9 Gallons | 1 Firkin of Beer. 

10 4 Gallons > make 4 * Firkin of Salmon, or Eels. 
2 Firkins 1 Kilderkin. 

2 Kilderkins 1 Barrel. 

42 Gallons 1 Tierce of Wine. 

63 Gallons. 1 Hog head. 

2 Hogſheads i Pipe or Butt. 

2 Pipes or Butts 1 Tun of Wine. 


VI. Of Dry Meaſures. 


Dry Meaſures are thoſe by which all kind of Dry Subſtances are meaſured, as Corn, 
Salt, Coles, Sand, &c. of which a Pint is the lealt. + | 


2 Pints \Y? © 1 Quart. 

2 —_— I — 

2 Pottles I Gallon. 

2 Gallons | 1 Peck. 

4 O_ > make 5 1 _ a_ _ = 
5 Pecks IB ater Mealurc. 
8 Buſhels 1 Quarter. 

4 Quarters | 1 Chaldron. 

5 Quarters ({. 1 Wey. 


VII. Of Long Meaſures. 


Long Meaſure is that by which is meaſured Cloth, Land, Board, Glaſs, Pavement, 


Tapeſtry, &c. of which Meaſures (according to the Statute of 33 Ed: 1. and 25 E!. 
a Barley Corn is the leaft: So that , we "7 DO SO 


3 Barly Corns J' [C.1 Inch. 

12 Inches 1 Foot. 

3 _ 2p | 1 Yard 

3 Feet 9 Inches : | 1 ElI. 

6 Feet {+ Make q | Fathom. 

55 Yards, or 16 5 Feet 1 Pole or Perch. 
40 Perches 1 Furlong. 

8 Furlongs "oo 'T 1 Engliſh Mile. 


VIIL. Of Time. 
Time conſiſteth of Years, Months, Weeks, Days, Hours, and Minutes: So that 


60 Minutes 1 Hour. 

24 Hours | 1 Day Natural. 

7 Days make <I 1 Week. 

4 Weeks 1 Month of 28 Days. 
13 Months, 1 day, and 6 hours 1 Year. 


D Example . 


———_— ww. 4 th 
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Examples of Time. 


YT, AM. W. D. MH. An. T. AM. W. D. H. Min. 
SG $- $5 20. 34 68 - 20. t," 3 28 56. 
196 3 4. 13 21. Toh Jo © - ge! 
EH 1. 6. 09. 16 Wm 4 39 43 © 4 
— 10 4. 16. 27 9g 1. 4 & 33 ' is 
he 3 © io 38 96 8 © 3 #3 26 


IX. Of Motion. 
Motion is reckoned by Signs, Degrees, Minutes, Seconds, Thirds, &c. Of which 


60 Thirds ”' 0 C 2 Second, " 
60 Seconds 1 Minute Els 
<A: make < , Degree, thus charactered Deg. 
30 Degrees -#, 1 Sign, C Sig. 
Examples of Motion. 
_—_—__ 7 __MAs_ RF 
cf Ri. 17. 20. 05 oy 28. 21S A. 3 
=O 12 I 42. *.-1 - I - 0- 
DS 191 26 11 v a. 4 Si 
ST ks 36 18 21 9 24. 56 48 2 
2 4 S223: 16 39 42 4 . 309 | 0 5 
Q- 


X. Of Apothecaries Weight. 
The Weights uſed by Aporhecaries are Grains, Scruples, Dramr, and Ownces, of 


which ; 
| 20 Grains C 1 Scruple, I. 
3 Scruples 1 Dram 3. 
3 Drams make. <) | Ounce, thus charattered, "1 
12 Ounces (C I Pound, th. 


By help of theſe Tables, and the Rules and Cautions before expreſſed, any Man 
may make Addition of any of the above-ſaid Meaſures one with another, or of any 
other, either domeſtick. or foreign; and therefore I ſhall forbear to illuſtrate them by 
Examples, but leave them to every Man's own PraCtice, and thus I conclude Aaaition. 


The Proof of ADDITION. 


The beſt Proof of Addition is by Subtraion; but that (ſuppoſed ) yet not known 
how to perform, reſt ſatisfied till it be; which, ( as the ſecond Species of Arithmerick ) 
next follows, at the Cloſe of which, the Proofs of both ſhall be exemplarily demon- 


ſtrated. 


CHAP. IV. 
Of SUBTRACTION. 


Definition. QUBTRACTION is the taking of one or more ſmall Summs out of one 
| greater, as 7 5. out of 125. or 37 i. ont of 100 /1;, or 137 Feet out of 
983 Feet, and the like. 
As in Addition, the Summs to be added may be either of one, or of divers denomi- 
. - nations, ſo likewiſe -they may be in Subrraftion, and the manner of placing them is 
| the ſame; for you mult ſet Vmzres under Unizes, Tens under Tens, Hundreds under 
EHundreds, &C. | 


SI. Of 
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$I. Of SUBTRACTION of Numbers of One Denomination. 


Example 1. Let it be required t0 ng 234 ont of 986. 
Place the numbers one under another, as you ſee done in the Mar- 
gin ; draw a line under them, and begin with the firſt figure towards Foy 986 
- your right hand, which is 4; ſaying, take 4 from 6, and there re- Subtralt 234 
- remains 2 ; place 2 under the line, and go to the next figure, which ; . 
is 3; ſaying, take 3 from 8, and there remains 5; place 5 under the Remains + 52 
line, and go to the next figure, which is 2; ſaying, 2 out of 9, | 
and there remains 7; place 7 under the line, and your Subtraction is ended : And 
it is evident by the work, that if you take 234 out of 986, there will remain 752; 
which you may thus prove: For if you add the 234 to 752, you ſhall find the ſumm 
of that addition to be 986, which is equal to the whole ſumm from which 234 was 
ſubtraQted. | 
Example 2. Let it be required to ſubtraft 2976 out of 96527. 
Place the numbers one under another, as in the Margin you ſee 
done ; then draw a line under them, and begin with the firſt fi- From 96527 
gure towards your right hand ; ſaying, take 6 out of 7, and there Subrraft 2976 
remains 1 ; place 1 under the line, and proceed to the next figure; p,,... 03551 
ſaying 7 out of 2 I cannot, (wherefore you muſt always add [1g] 
to.the number above, which in this Example is 2, and it makes it Proof 96527 


12,) therefore take 7 out of 12, and there remains 5 ; place 5 un- 

der the line, and ( becauſe you added 10 to the 2 to make it 12, you muſt) carry an 
Unite to the next figure; ſaying, 1 which I carried and 9 is 10, take 10 out of 5, 
which you cannot therefore you muſt add 10 to 5, and it makes 15; and: fay, 10 out 
of 15, and there remains 5 ; yup 5 under the line, and ( becauſe you added 10 to 5, 
to make it 15, you muſt therefore) carry an unite to the next figure; ſaying, 1 which [ 
carried and 2 is 3; take 3 out of 6, and there remains 3; place 3 under the line; and 
becauſe there are no more figures to be ſubtratted from the number above, you muſt 
ſay, nothing from 9 and there remains 9; ſet the 9 under the line, and your Subtracti- 
on is ended; and is proved by adding 2976 to 93551, which together make 96527. 


Other Examples for Praftice proved. 


li. Reams of Paper. Sheep. 

Lent 5762 Bought g 765 © From 1000 
Paid 378 Sold 6529 ' Take 394 
Reſts to pay 5384 Unſold ,.3236 © Remains 606 
Proof 5762 Proof 9765 ' Proof 1000 


SI SYVBTRACTION of Numbers of Different Denominations. 


This is but the converſe of Adairion of Numbers of Different Denominations; and to 
perform ir, this is the RULE: | 

In SubtraCtion of Numbers of divers Denominations, you muſt obſerve the ſame order 
as in Addition ; namely, to place every number in due order, with reſpett to the denomi- 
nation, as Pounds wnder Pounds, Shillings under Shillings, &c. the greater number al- 
ways uppermoſt, and drawing a line under them, begin with the leaſt denomination firſt, ſub- 
rratting it from the line above, and ſerting the remainder under the line, as in whole num+ 
bers ; |S if the Pence or Shillings in the upper row be ſmaller than thoſe in the lower row, 
you muſt add 124. or 20s. to the ſmaller number, that ſo Subtraftion may be made, as by 
the Examples following will appear, | | ; 


Example 1. Lee it be required to ſubtraf 381i. 12s. 8d, out of 2691i. 18s. 10d. 
Place your numbers as in the Margin ; then beginning with 
the leaſt denomination firſt, ( which in this Example is Pence, ) od: 4.4 
ſay, 84. from 104. and there remains 24. ſet the 2 d. under rene 269 18 18 
the line, and proceed to the next denomination, which is Shil- pPajd 38 12 
lings; ſaying, take 125. out of 18s. and there remains 6 -. Reſts 231 6 3 
Place 6 under the line, and go to the Pounds ; ſaying 8 out of 9, : 
and there remains 1; place 1 under the line, and ſay, 3 out of 6, 4 
D 2 an 
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and there remains 3; then ( becaufe there are no more figures to be ſubtratted ) 
ſay, pro out © 2 atid at remains 2, which ſer under the line; ſv is your Sub- 
traction ended, and the remainder is 231 /5. 6 s. 2 d. | | 

Example 2. Let it be required to ſabirult 2633 11. 165. 10d. out of 93251. 108. 7d. 

Place the nuttibers in order, and beginning with the Pence 
li, x. & fay, tod. out of 7. 1 cannot, (therefore 1 muſt add 12. 
Lent 9320 10 07 ( which 1s one Shilling, ) to 7 d. and it makes tg 4.) but 104. 
Paid 2628 16 to but of 19d. and there remains 9 &. ſet the 94. under the line, 

-- ahd (becauſe 1 added 129. to 74. ) I mult therefore carry one 

Refts 6691 13 09 ty the plate of Shillings; ſaying, 17. which I carried, and 16 :. 
is 175. theti 17 -. from 105. you caniiot take, therefoxe you 

muſt add 20s. (which is ont Pound, ) to 102. it thakes $07. then 17 5. out of 
30 ;. and there reniitis 14 s. ſet 13 under the lint, ahd catry one to the. place of 
Pounds ; fayitig, 1 whith I carried and 8 is 9, take 9 obt of © I cannot, but 9 out of 
10, and there remains 1 ; ſet 1 under the line, and carry an unite to the next place 
ſaying, 1 which I carried td 2 is 3, toke 3 out of 2 I canhot, but 3 but of 12, and 
there remains 93 place 9 utidet the line, and carty 1 to the next place; ſaying, x 
which I carry and 6 is 7, take # out of 3 you cannot, bat 7 out of 13, and there re- 
mains 6; place 6 under the lirie, and carry one to the next row; ſaying, 1 and 2 is 
3, take 3 trom 9, and remains 6; place 6 under the line, ſo is your ſubtraftiog 

and the re er is 6691 h, 135. 94. 

Exirhple 3. Suppoſe # Mer bad lent to another Man 1000 li. and that the borrower ha4 
paid thereof at one timit i257 i. at apvther rime 430 li. 108. and ar @ third payment 501i. 
_—_ Credirouy wontd krow how mach be bath received, and how much is owing of bis 

or. 


hi, s. &d. Place the tiumbers us here you ſee; firſt the ſain 
Money lem 1000 oo: os Of money lent, and draw a line under it ; then ſer the 

S———> Tunis paid at ſeyeral times one under another, and 
Paid at fe- Y {27 © drawa line under then; then add all the ſums which 
veral times Y 432 10 00 have beet paid at ſevetal tines together, which inake 
BO Ren nn Bl a 6076. 10. which is the ſurim which the Debtor hath 
Paid in al 607 10 ©) paid inal; then ſubtract this 607 8. 102. from 106013. 
Reſts to pay 392 10 ©» and there will remain 392. 105. and fo much is ſtill 

7! -» owing to the Creditour. 


Other Examples for Praftice. 
BR OO” bh Ss @#. 9g. 
Lem 2601 13 ©6 Lem 3625 16 o8 oz 
Paid _ 98 07 0O9 100 O00 0d oo 
Refts 2503 O5 09 Paid at ſe- J336 10 06 02 
C2: 6 & - nn OP. 0 =" 
Owing in all ico 00 0 a 0.99 
Pailin alt 36 10 os  PaMmall 576 03 os oo 
Reſts ro pay 63 09 06 Reſts ro pay 3049 13 04. 03 
The Proof of Sabtration. 


The Proef of Subrralticn is peiformed by Addeion, for adding the number t 
ſubtraQted to the remainder, the ſumm of them muſt be equal to the number - 
if you have truly wrought: As in tlie firſt Example of numbers of one denomination, 


The namber given is ——— gs 
The number to be ſubtratted i5—2 3 4 
| The remginder is 7.52 
. Proof: —— 986 


Add the humber to be ſubtrafted 234, to the reinuinder 752, the ſuram of thetn is 
986, equal to the fumber given, ” | 


Examples 
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Parr [. ARITHMETIC. 
Examples for Prattice proved. | 
1. Of Money. 2, Of Troyweight. 
i. F, d. hb. s, d, : lb. ON. 14.8 £re 
Lem 62 18 09 Borrowed t00 00 ©s | of Sgver 7 14 13 ig 
Paid 37 19 O©6 Paid 36 13 04 So 5 07 03+ o5 
Refts 2& 19 O03 Dxe 63 06 os UOnfoid 2 04 i1G6 14 
Proaf 62 18 09 Pronf 100 00 OO Proof 7” 43 13 19 
2. Of Avoirdnpois 4- Of Avoirdupois 3. Of Time. 
great weight. Keele weighs 
C. g. Ib. on. = = dy. Y - h. min. 
Bo 7 3 a2 i Bong lt 84 12 13 rom1364 23 5o 
4 1 23 06 Sol 26 08 11 Taks 76 o9 22 
Reſs 24 2 29 O5 Refts 58 _ 04 2 Reſts 288 14 23 
Proof 37 3 22 11 Proof 84 12 13 Proof 364 23 50 
| 6. Of Motion. 
_ we. 7 7 Sig. Des, })F"” 
From : + 12 16 28 From $ *., I4 12 2r 
Subtraft 3 12 11 i4 20 Sabrraft 4 20 18 40 38 
Reſts 4 12 ot os 08 Reſts 3 _25 35 31 43 
Proof 6 24 12 16 2B Proof $8 16 14 12 21 


$ IN. Queſtions performed By Addition avud Subtraftion. 


Queſtion 1. What number 5s that which being added to 376 ſhall make 1000? 
rat 376 from 1000, the remainder 1s 624, the number ſought. 
jon 2. What munber of Pounds, Shillings, and Pence, muſt be added to 36 li. 17 s, 
3d. to make that ſumm up 100 li. : 
Subtra& 3615. 175. 3d. from 100 h. the remainder is 634i. 2s. 9d. which added 
to 361. 155, 34. mhakes 100 þ. : 
Oneltton 3. In the year of oar Lord 1440, the famous Art or Myſtery of Printing was 
invented, 1 would know how long it is ſince that time ro this yeur of onr Loyd 1690. 
From 1690 ſubtract 144, the remainder is 250, and ſo many years are expired 


| ſince Priming was invent 


4 An Army conſiſting of 13721 Horſt, and 26850 Foot; in an Engagement 
there wort ſtain 37760 Horſe, 9 2 fon Foot ;, rhe Queſtion is, how many hive Ae bs all, 


and how many Horſe, and how many Foot, e 


caped. 

From the 13721 Horſe that went out, fubtratt the 3760 that were ſlain, there re- 
mains 9961, and ſo many Horſe eſcuped; alfo, from the 26850 Foot which went our, 
ſubtraft the 97523 which were ſlain, and there remains 19327, the number of Foot 
which eſcaped ; and, by adding the 3760 Horſe which were ſlain, to the 7523 Foot 
that wete ſlain, their total is 11283, and ſo many were flain in all. 


$IV. ADDITION and SUBTRACTION of Integers Geo- 
metrically demonſtrated. | 
I For ADDITION.- 
The Demonſtration of Add:ion of Integers depends upon this Axiom, vie. 
The Whole is equal to all its Parts taken together. 
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i i To >» 3 And this is evident from this Figure, 

: 813 EI | where the Square ABCD, each fide 

: "1.5 = whereof, as AB, BD, DC, and CA, 
ifoannen inn eee ecenenncrtr __—_—_ . contains ſeven, let them be Feer, Yards, 
Mb : : E -3 [ Perches, Acres, Cc. in length, then doth 
pr —— 2: em the whole Superficies ABCD, (as a 
- : : F : : Plain, ). contain 49 Squares of the ſame 

f eone = couenan3oaceantorcre> OOO Tar Meaſure. Let the whole Superficies ABC D 

- : . 49 PR - - | be divided into any two parts by the 

5 Þ3 + 2095% BN Rs OW "WONT" [ LineLK, as into ALKC, and LBDK; 
>Y 5 2io 5 - : | and again, Jet ALKC be divided into 
ME ia ed aaaor ooraraofrooraresFreeenen ereecee IO OCRET: Parts, 252. into ALEF, and 
E213 is: |3 EFCK; alſo, ltLBDK be divided 
 # Fo fix + | into twoother parts LBGI, and GIDR, 

411 #64254; i 8.2306 _— I ſay, that theſe Four Parts are all of them 
Es i E de 8 together equal to the Whole Square A B 

C REP” _— D CD; for the ſide of the Square being 7, 


that multiplied in it ſelf, ( or rather, in 
this caſe, ſeven ſevens added together, ) makes for the Produ& or Total 49, and fo 
many ſmall Squares are there contained in the Whole Square AB CD, 
Now the Parts into which the Square ABCD is divided are, 


ALFE 8 
ta which contains ws. Little Squares. 
GIDK 9 


Their Summ 49 


Which is equal to the Number of Little Squares contained in the Whole Square 
ABCD, which was to be demonſtrated. 


Il. For SUBTRACTION, : 
This is but the Converſe of the Demonſtration of Addition, and depends __ this 


Theorem. 


If from the Whole (of any divifitle thing ) ſeveral equal or unequal Parts be 
taken one from the other ſucceſſively, till at laſt there remains nothing, thoſe 
Parts ſo ſubtrafled, being added together, ſhall be equal to the Whole. 


The Whole Square ABCD is 49 


he ALEF 8 41 
From w , hed = ek OY pm Che cata Þ C 
09 GIDK 9: 9: 
The Summ 49 Remains 0 


Hence It is evident, that if from the Whole all the Parts are taken one from each 
others remainder, there. at the laſt remains nothing, and therefore, All the Pares to- 
gether are equal to the Whole, which was to be demonſtrated. | 


. ” F : 
i. ”— 2 . . 


ki w— —T 


CHAP F. 
Of MULTIPLICATION. 


F. I. Definition. EE CATION, is that part of Arichmetick, which teacheth how 


to increaſe one number by another, ſo that the number vprody 
4 Ne Ni ced 
by their Multiplication, ſhall contain one of the numbers multiplied, ſo —_ a 


there are Vrnices contained in the other. Multiplication ma 

Ht IN . y fitly be termed a Compen- 
dium of Aadition, for that it performeth at one operation the ſame, which to effelt by 
Addition would require many ; for inſtance: If it were required to know how much 


———_ 


Part I. - 4RIT HMASICK 


IS 


is 7 time 5, to perform this by Addition, I mult ſer ſeven fives, or five ſevens, one un- 
der another, and adding them together, I ſhall find that either of their Totals ſhall con- 
tain 35 3 but this by 44wlriptication is performed with far more brevity, as by Exar;les 
hereafter ſhall appear. ' 2 

Before you enter upon the PraCtice of Malriphcation, it is neceſſary to remember the 
Produdt produced by the multiplication of any one of the nine Digits, by any other of 
the ſame z as readily to know, that 4 times 5 is 20, 6 times 7 is 42, 2 times9 is 18, 
7 times 9 is 63, $ times 9 is 72, &c. which this Table following will plainly declare, 
and muſt be perfeCtly learned by heart, before you attempt to multiply great numbers. 


This Table is thus to be read : In the two outermoſt : _ 
Rowsor C6lums,towards cach hand,and alſo at the top | UICIFALCIZSICILIELE: 
of the Table,you have the nine Digits in bigger Figures }= Ss wy nga Js = 

| . 


than the reſt ; the Figures in the firſt Column begin- |= 322A 2}2 1.412 

ning with 1, and ſo proceeding by 2, 3, 4, &e. to 9. | 327124]! 18/15/12 96/3 

thoſe at the top of the Table beginning with 9 to- 4 [3513 2128]24016]12] 8 Pi 

wards the left hand, and ſo backwards by 8, 7, 6, &c. Þ alach5l;olr dais] 

to 1 at. the right hand. | 7 2112} Fl. 
6 (54[48[42[36/39/24{18|12/| 6 


Now if. by this Table you would know how much 8 

times 7 is, find 8 among the great Figures at the head | » þ63/55[49[42/3 5/28Þ2 1] 14 
of the Table, and look down that Row or Column, till $ [12[6a156[4 Naw'3: b 
you come againſt 7 of the great Figures in either of the oy 42 f— 16 
outermoſt Columns, againſt which you ſhall find 56, and 918117216315 4[45/36127118 9 
ſo much is 8 times 7, or eight multiplied by 7. | | 

In the ſame manner you may find, that 7 times 9 is 63, 5 times 6 is 30, 3 times 4 is 
12, and ſo of any two of the nine Digits. B-: 

In Multiplication there are three Terms or Denominations commonly uſed, that is 


to ſay, 


The 2Multiplicand, the Multiplier, and the Produt. 


The Multiplicand is the number to- be multiplied. 

The Avlriplier is the number by which the Aduliplicand is multiplied : and 

The Produtt is the number which is produced by the multiplication of the Aulripli- 
cand and the Mulripher together. : 

Thus, if it were required to multiply 8 by 7, here 8 is the Jdwlriphcand, 7 the Multi- 
pher, and 56 is the Produtt, for 8 times 7, or 7 times B is 56. 

In Mwriplication it mattereth not which of the two numbers is made the Afalriplicand, 
or which the Multiplier, for the Produtt produced by either, will be the ſame ; but the 


nſual way is to make the Greater number the Afalriplicend, and the Lefſer number the | 


Multiplier : And to perform Aſultiplication, this is the RULE - 
The numbers to be multiplied muſt be ſer one under another, vit. the Multiplicand (or 
great number) above, and the Multiplier (or leſſer number) below the laſt fionre of the Mul- 
tiplier, under the laſt figure of the Multiplicand ; then draw a line under them, and (having, 
learned the preceding Table perfeQly by heart) mwltiply every Digit of che Multiplier 
into every Digit of the Multiplicand, ſetting the ſeveral Produtts under the line ; then ha- 
ving fimſhed your Multiplication, draw a line, and add all the Produtts together,and the ſumm 
of thoſe Produtts is the general Produtt of the whole multiplication, as by the following Exam- 
les will appear : 
, mp. I. Let it be required to multiply 936 by 7. 

Firſt, write down 736 the Multiplicard, and under it 5 the Multiplier, and ander them 
draw a line : then multiply 7 into every Digit of the Multiplicand ; ſaying, 7 times 6 is 
42 3 place 2 under the line, under 7, and for the four tens keep 4 
in mind: then ſay again, 7 times 3 is 21, and 4 which I kept in 736 Muliplicand 
mind is 25; place 5 under the line and keep the two tens in 7 Adulriplier 
mind : then ſay again, 7 times 7 is 49, and 2 which I keptin —— 
mind 1s 51; place 1 under the line, and the 5 tens kept in mind 5 1 5 2 Produt 
(becauſe there are no more figures to be multiplied ) ſet down 
under the line alſo; ſo is the work ended, and the Produtt of this multiplication is 51 52. 

In the foregoing example the X4ulriplier conſiſted but of one Digic , we are now to 
ſhew how Multiplication is performed, when the Multi Plier conſults of more than one 
figure ; therefore, 

Exawple 2. Let it be required to multiply 5704 by 37. 


Placs 
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Place your numbers, and draw a line under them as you ſee in the Margin : Then 
begin your Multiplication in this manner; ſaying, 7 times 4 

Multiplicand $704 is 28; ſet 8 under the line, and keep two tens in mind : 
Multiplier 37 then ſay, 7 times nothing is nothing, but the two tens in the 
——> mindis 2; ſet 2 under the line: then ſay 7 times 7 Is 49; 

ſet 9 under the line, and,keep 4 in mind : then laſtly, ſay, 7 
————— times is 35, and 4 in mind is 39; which being the laſt 

Produft 211045 ryymber to be multiplied, ſet down under the line 3 ſo is 
the multiplication of one of the Digits ( namely 7 ) finiſhed. 


Then begin to multiply the ſecond igit; ſaying, 3 times 4 is 12; place 2 in the ſe- 


\ cond line one place towards the left hand, and keep 1 in mind: then fay, 3 times no- 


thing is nothing, but 1 in mind is 1; ſet down 1 by the 2 in the ſecond line : Thirdly, 
ſay, 3 times 7 is 21; place 1 in the ſecond line, and keep the two tens in mind: Laſtly, 
ſay, 3 times 5 is 15, and 2 is 17; which 17 (becauſe there are no more figures to be 
multiplied) place in the ſecond line alſo. : 

Having thus done, draw a line under them, and add theſe two lines together, as in 
common Addition of numbers of one denomination ; ſaying, 8 is 8; place 8 under the 
line: then ſay, 2 and 2 is 4; place 4 under the line: then ſay, 1 and 9 is 10; place a 
cipher under the line, and carry one to the next place ; ſaying, 1 and 1 is 2, and 9 1s 
11; place 1 under the line, and carry 1 to the next row ; ſaying, 1 and 7 is 8, and 3 is 
11; place 1 under the line, and carry I to the next place; ſaying, 1 which 1 carry and 
i is 2, place 2 under the line; and ſo is your Multiplication ended, and the product is 
211048, : 

Example 3. Let it be required to multiply $7325 by 4032. 

| Place the Multiplicand and the Multiplier one under 

Multiplicand 57325 another, and draw a line as before; then proceed to 

Multiplier 4032 the multiplication as formerly; ſaying, Firſt, 2 times 

Trio $510; tet down a Cypher, and keep 1 in mind: then 

= EDI 2 times 2 Is 4, and 1 in mind is 5; place 5 under the 

_ 7 = - - 3 line : then 2 times 3 1s 6; ſet 6 under the line : then 

93 2 times 7 is 14; ſet down 4 and keep one in mind: 

Produc 231134400 then 2times 5 is 10,and 1 inmind is 11 ; which 11 (be- 
| ing the laſt) ſet down. 

The Multiplication of one of the Digits being finiſhed, wy to the Multiplication 
of the next ; ſaying, 3 times 5 is 15; ſer down's in the ſecond line, a place more to- 
ward the left hand, and keep 1 : then 3 times 2 is 6, and 1 kept is 7; ſet down 7: then 
3 times 3 is 9, ſet down 9: then 3 times 7 is 21; ſer down 1.and keep 2 in mind: then 
3 times 5 is15,, and 2 in mind is 17 ; which, being the laſt, ſet down alſo. 

Two of the figures of the multiplier being finiſhed, proceed to the third, which (in 
this example) being a cypher, you may wholly negleft, and proceed to the multiplica- 
tion of the fourth figure; only remember to remove the ProduCt of the fourth figure 
one place more to the left hand, or place one cypher in the place where the firſt figure 
ſhould have ſtood, had it been a Figure, as in the example you may ſee; for the cy- 

her, though it need not be written down, yet it muſt keep its place, and the figures fol- 
owing mult be removed a place farther. 

Then for the Multiplication of the fourth and laſt digit, ſay, 4 times 5 is 20; ſet down 
a Cypher, (under 9,) and keep 2 in mind : then 4 times 2 is 8, and 2 in mind js 10; 
ſet down a Cypher, and keep 1 in mind : then 4 times 3 is 12, and 1 is 13; ſet down 
3 and keep 1: then 4 times 7 is 28, and 1 kept is 29; ſet down 9, and keep 2: then 
4 _—_ Fis 20, and2 is 22 z which 22 (becauſe the multiplication is ended) ſet down 
alſo. | 

Having thus multiplied all the Digits ſeverally,- draw a line under their Products, 


and add them all together,as in the former Example; ſo ſhall you find their gencral Pro- 
dutt to be 231134400. 


Other Examples for Praftice. 


73260 50762 6735041 
45903 $67 8602 
219780 355334 13470082 
_-.. 366300... 304$72 40410246. 
2393049 253 Ig 53880328 
3296919780 128 O54 $7934822682 
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S IIT. The Reaſon of the Working of Multiplication. 
AMultiply 4 2 6 
09327 
2982 
852 
1278 
139302 
The Reaſon of this Operation. 


4|2|6 | Multiplicand. 
| | 3]2 7 Mulripher. 
(1.) 7 times 6 is 42 142] Firſt 
7 times 20 Is 140 lat. Sond Produtt. 
7 times 400 is 2800 1218] -| - | Third 
(2.) 20 times 6 1s 120 | | i|2 Fir 
20 times 20 Is 400 4| - | - | Second 6 Prodnutt. 
20 times 400 Is 8000 _I8[] -} - |_- | Third 
(1.) 390 times 6 is 1800 | 1 [8] .] . | Firſt 
300 times 20 Is 6000 6| .| .| . | Second s Proantt. 
300 times 400 is 120000 | 1 |2|.. | .| .1 Third 
| —_ of all | I13j9 | Z | : | 2 The General Produtt, 


The Proof of Multiplication. 


The moſt certain Proof of 2ultiplication is by Diviſion, but becanſe Diviſion is not 
yet known, I will here ſhew a near way by which Aulriphcarion may be proved ; for 
which this is the RULE: . 

Make a Croſs; then any Summs being multiplied, you may prove the truth of your work. 
in this manner : 1. Caſt a way all the nines which you can find in the Multiplicand ; what 
 remaineth ſet on the right ſide of the Croſs. 2. Caſt away alſo the nines in the Multiplier, 
«nd what remains ſet on the left ſide of the Croſs. 3. Multiply the figures on each ſide of 

the Croſs tagether, and out of that ProduCt caſt away the nines alſo, ſetting the figure re- 
maining over the Croſs: Then, 4. Caſt away all the nines in the ProduCt, and if the figure 
remaining be the ſame with that nhich ſtandeth over the Croſs, then is your Multiplication 
truly performed, otherwiſe nor. ; | 

Example 1. Let it be required to prove this Summ in the 


1. Caſt away all the rines in the Multiphcand ; ſaying, 4 23 
and 3 1s 7, and 2 is 9, which being rejeCted, there remains 4 Phy ng 5 X(+ 
which ſet on the right ſide of the Croſs : Then, 85 8 2 


2. Caſt away all the nines in the Muripher , ſaying, 2and 3 ———— 
is 5, which (being leſs then 9) ſet on the left ſide of the 99+52 
Croſs : Then, | 

3. Multiply 4 by ; ſaying , 4 times 5 is 20, from which caſt all the nines, which 
are two, and there remains 2 ; place 2 over the Croſs : And, 

4. Caſt away all the nines in the Produ#; ſaying, 2 and 5, is 7, and 4 is 11, caſt 
away 9, and there remains 2; which exaQly agrees with the figure over the Croſs, and 
demonſtrates that the Multiplication is truly performed. 


S IV. Compendiums in Multiplication. 


1. If the Adultipher conſiſt of Cyphers in the laſt place or places, you 

may om!t the Multiplication of rhem, and place the former figures of 325+ 
the Multiplier under the Multiplicand : Thus, if it were required to 2600 
multiply 3257 by 2600 ; place the numbers as you ſee in the Margin; F 
then multiplying 3257 by 26, the Produtt will be $4682, to which if 
you add two Cyphers, ( becauſe there were two Cyphers in the Mul- — rug 
_— ) it will be 8468200, which is the true Product of the Multi- 3 45 $200 
plication. | 


F. 2. 
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2. If it be required to multiply any number by 10, 100, 1000, 1co00, &c. you have 
no more to do, but to add ſo many Cyphers to the X4ultiplicand as there are Cyphers 
in the 24ulciplier : Thus, if you were to multiply 365 by 10, the Product will be 3650; 
or by 100, it would be 36500 -or-by Toeayaiiwould be 365000; or by 10000, it 
would be 3650000. | 


$V. Queſtions performed by Multiplication only. 
Queſtion 1. If 4 piece of Land be 236 Perches long, and 182 Perches broad, how mary 


ſquare Perches are contained therein ? | 

Multiply 236 the length, by 182 the breadth, and the produCt is 42952, and ſo ma- 
ny ſquare Perches are contained in ſuch a ſquare piece of Land. 

Queſtion 2. n a year there are 365 days natural, and in every day 24 hours, how many 
hours are there in a year ? 

Multiply 365, the number of days, by 24, the number of hours, the produCt is 
8760 ; and ſo many hours are there in a year. Hs; 

Queſtion 3. From London ro Coventry ir ss accounted 76 miles, how many yards there- 
fore is it accounted from London to Coventry ? a. 

Multiply 1760, ( which are the number of yards contained in one mile, ) by 79, the 
the product is 133760; and ſo many yards are between Zondon and Coventry. 


-_ 


CHAP. VI. 
Of DIVISION. 


Fl. Definirion. IVISION is the juſt contrary to Mulriplication, for that turns 
Small Denominations to Greater, as Multiplication turns Greater 

to Smaller, or (in whole Numbers, of which only we yet ſpeak ) Dijviſioz is the as- 
king how many times one Summ is contained in another, and the number which an- 
ſyereth to that queſtion is called the Qworienr. 

The Number containing, or which is to be divided, is called the Dividend. 

The Number contained, or by which the Dzvidend is to be divided, is called the 
Div1ſor. 

yo as often as the 'Dividend contains the Diviſor, ſo often doth the Quorient con- 
tain Unity. | 

The _ of performing Diviſion are divers, but I ſhall ſhew only Two, which of 
all others are the beſt; the one without cancelling any Figures, and the other by cancel- 


ling of them. 
SIL The Firſt Way of Diviſion. 


This kind of Diviſion is very much uſed, and is in great requeſt with thoſe who 
have moſt occaſion to divide great numbers; the manner of working is made plain by 
the Examples and Rules following. 

Example 1. Let it be required to arr 864 by 3. 

77 : Set down your numbers as you ſee them placed in the 
Divifor Dividend Quotient Margin, viz. Firſt, ſer down $864, the Dividend: then on 

3)86 4C the left hand thereof ſet the Diviſor 3, with a crooked 
line between them ; then on the right hand thereof make 
2 | another crooked line, which muſt ſerve to ſer the figures 
of the Quorient in; ſo are your numbers placed in due order: then draw a line under 
the Dividend, and make a prick under the figure 8; this prick ſerves only to ſhew 
how far you have proceeded in your work, and muſt at every diviſion be removed a 
-_ farther, till at length you come to the laſt figure of the Dividend : your num- 

rs being thus LI with a line-under them, you are ready for the work, which 
muſt be performed according to the direCtions given in the following XU LE - 

Demand how ; is þ the Diviſor may be had in the Dividend, and place that number in 
the Quotient ; rhen multiply the Diviſor by the Quotient, and place the Produtt under the 
line , then ſubtratt this Produtt from the Dividend, and ſer the Remainder under the 


ProduCt ; then make a prick under the next figure of the Dividend, and brins th 
down to the Remainder, and then proceed as before, 4 ; a TINg Fa; figure 


Your 
- 
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| Your numbers being placed as is above directed, and as 


you ſee here in the Margin, begin your Dzvs/ion thus: Diviſor Dividend Quotient 
i. Ask, How many times 3 (the Djviſor ) can I have 3)864(2 

in 8, ( the firſt figure in the ry en = —_ = be . | 

2; ſet 2 in the Q«vr5enr, and multiply 2 by 3, ( the Dzvs- 5 Produtt 

for, ) the Produtt will be 6; ſet 6 under the 8, and ſub- 2 n | 


tract it from 8, ſaying, 6 from 8, and there remains 2 ; ſet 

2 under 6, and ſo is one figure of your dividend finiſhed. 35 2 
2. Make a Prick, or Point under 6, ( the ſecond figure of 35 ) NY (2 

your Di:;ſor, ) and bring it down to 2, making it 26; 


then ask, how many times 3 can I have in 26? the anſwer 6.. Prodeft 

will be 8 times z put 8 in the Quotient, and multiply 8, 26 . 

by the Diviſor 3; it makes 24; let 24 under 26, and 2 4 Produtt 

ſubtraft 24 from 26, and there will remain 2; which 7 op 

ſer under 24; ſo is the ſecond figure of your Dividend 

finiſhed. | | 3) 864 ( 288 
3. Make a Prick under 4, (the laſt figure of the Djvi- — 

dend, )) and bring it down to 2, making it 24; then ask, = Produdt 

how many times 3 can I have in 24? the anſwer will be be 

8$ times ; put 8 in the Qvorzerr, and multiply 8 by the Di- Cn 

viſor 3, the Prodatt will be 24 3 which ſet under 24, and 24. Prodult 

ſubtracting it from the 24 above, there will remain ©; S-.* 

ſo is your Diviſion: ended, the Qworient being 288, and 24 Produt 

ſhews that 3 is contained in 864, 288 times. AD 


$ II. The Proof of this Way of Diviſion. 
The belt Proof of Diviſion is by Mulciplication; for if you multiply 288, the Quorient, 


| by 3, the Dfvi/or, the Produtt will be 864, equal to the Dividend. 


But it may be otherwiſe proved by common Aaddirion, according to this RULE - 
Add all the Products together, and che Summ of them (if you have wrought right) ſhall 
be equal to the Dividend. | | 
So in this Example, 


| er 
The Produtg 2 © added, 
> 24h 
Their Summ is 86 4 equal to the Dividend. 


Example 2. Lee it be required to divide 43201-by 74+ 
L the numbers rr 26 0. rang” becauſe the firſt figure in the Di- 

viſor, 7, is greater than 4, t gure of the Dividend, muſt make the firſt 
Prick, under 2, the third figure of your Dividend : Thea, w 
PF oa ohng Soong La Jong rol my or (more 

y) thus, how many times 7 can ve in 43? 7 ma wa mY , 
be had 6 times in 43, and there will remain 1, which wich Diviſor Dividend Ruotiens 
the 2 makes 12, but then 6 times 4 makes 24, which ſhould 74)43201iCsS 
be taken our of 12, but cannot, therefore you cannot have 


6 times 74 in 432; wherefore ſay 5 times 7 in 43; ſet5 370. . Prodult 
In the Brorient, and by it multiply the Divyſor 74, the Pro- "62 


duft will be 370; which ſet under 432, and ſubtraCtin 
370 from 432, there will remain 62; and fo is the fir 


work finiſhed. 


2. Make a prick under © in the Dividend, and bring the 201(58 
© down to 62, making it 620; then ask how ales 74)43 lh. *dI, 


7 can be had in 62, the anſwer will be $ times; put 8 in 370. . Produft 
the Quorient, and multiplying 74 by 8, the Produtt will be 620 
$92, which ſobtraCt from 620, and there will remain 28 : $92 Produt 
0.is the ſecond work ended. 28 
E 2 3. Make 


a. 
RY P43 


OO a — 
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8 . Make a Prick, under 1, (the laſt figure of the Djvi- 

hed bo we 7 | My ) and bring it down to 28, making it 281; then ask, 
Product how many times 7 canl have in 28, the anſwer will be 

f = 3 times;z put 3 in the Quorjenr, and by it multiply the 


24620- Diviſor 74 , the Produft will be 222, which ſubtrafted 

P ault . . . - 
4-3 from 281, there will remain 59; and thus is your Div+- 
28k fron ended, the Quorient being 583 3 which ſhews, that 74, 


222 Prodult he Divi or, is contained in 43201, the Dividend, 593 
y9 Remainder times, and 59 over, as appears by the Remainder. 


$IV. For Proef whereof, 


If you multiply 983 by 74, the Produtt will be 43142, to which if you add the Re- 
Agro 59, wn Summ Will be 43201, equal to the Dividend: Or, 


$70. 
The ProduCt ; . 592 & added 


- > SARS 
Their Summ 43142 
The Remainder ...59 


Their Summ is 4320 1 equal to the Dividend. 


Example 3. Let it be required to divide 162483 by 1321. 

Your numbers being orderly placed, as in the Margin, begin your work 1n this 
manner : | | 

1, Ask, how many times 1321 can I have in 1624? fay 

1321)162483(123 once; place one in the Quoriene, by which 1 multiply the 

OT Diviſor 1321, beginning at the left hand ; ſaying, once 

132 — Produs 11S 1; place under the line : then, once 2 is 2 ; ſet 2 

3038 under the line: then, once 3 is 3 ; place 3 under the line ; 

- - laſtly, once 1 is one; place 1 under the line: then ſub- 

+2642 . Prodet | 7 this 1321 from 1624, and there will remain 303 : 

3963 To this 303 bring down the next figure in the Dividend, 

. . 3963 Produltt namely 8, ( firſt making a prick under the 8, ) ſo will that 

0000 number be 3038; under which draw a line, and repeat 

the ſame work again ; ſaying, how many times 1321 can 

IT have in 3038? which may be had two times; place 2 in the Quotient, by which 2 

multiply the Divsſor 1321 ; ſaying, 2 times 1 is 2 ; place 2 under the line: then 2 

times 2 is 4; place 4 under the line: then, 2 times 3 is 6; place 6 under the line : 


laſtly, 2 times 1 is two; place 2 under the line; and ſubtratt this 2642 from 3038, 


and there will remain 396: To this 396, bring down the next figure of the Dividend, 
which is 3, ſo is this number made 3963; under which draw a line, and repeat the 
work once again ; ſaying, how many times 1321 can I have in 3963, which may be 
had 3 times, by which 3 multiply the Divi/or 1321; ſaying, 3 times 1 is 3; then, 3 
times 2is6; then 3 times 3Zis9; and laſtly, 3 times 1 is 3; which place under the 
line, and ſubtraCt it from the line above, which in the example is the ſame number ; 
therefore there remains nothing , and the work is ended; but if any Remainder had 
been, that ſhould have been ſet under the line, as by the former example appears. 


$V. The Reaſon of the working of Diviſion. 


By the former DireCtions, Let ie be required to divide 139302 by 327. 
The Operation. 
Diviſor Dividend Quotient 
327)139302(426 


ft Xu 5 OI es * 
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RR 
The Reaſon of this Operation. 
[1]3|[9|3]0|2 | Dividend. — A | 
5: Toiſor advanced three Places ; and is not now 327 
i fn 7 | | but 32700. 
[111 | 1 | This Prod is nor 1308, but 130800, which is 4| 
(. Quotient 400 | 1 | 31018 | times. 32700; chat is, 420 times 327, and is th: 
| | Brotient in the Margin. 
+ {gal | That is, 1308 being deducted our of 1393, the Re- 
| | | ; | 3 | | mainder is 8500; o is the Firlt Operation « ended 


7 |' | © | The Second Operation: and this is not 850, bur 8500 
* re the Div3/or is advanced two Places, and is no. 


327, but 3270. 8 Ss 
1 bat is 3270 doubled, which makes 6540, whict 
in effect is 20 times 327, as by the Qnorient. _ 
That is, 65 40 deducted out of 8500; the Remain- 
der is 1960; and fo is the Second Operation en- 
ded. L 
1r1|o|6s|2| The Third @peration. En | 
| | 3 |2 | 7 | Here 327 is brought down to its own value again. 
*& I hat 1s, 6 times 327 1s equal to 1962, and ſo th 
II. Quotient 6 | & 4 | ad by workh fowl ET 2 oaliachrs 


j1010|0|0| Kemainder, 


Il. Quorient 20 |6|5| 4 


119]6 


l——— 


S VI. Other Examples for Pradtice. 


Ld 


5$624)793058{141 4325)763218(176 
CT _—_ In theſe Examples you 


$624. . Proaut 4325 . - Product may perceive, that the 

23065. 3 J OT Quorients are 141 and 74 

22496. Prodult 30275 . Product remaining, and 176 and 

. + $698 \ 27968 2018 remaining ; ſo that 

$624 Produtt 25950 Produtt "bar 'real —_ Ire 

 » + + 7 4 Remains | + + 2018 Remains l4l 77749 a0 176 FFF 
Proof 5793058 Proof 763218 


$ VII. A Second Way of Diviſion. 


Another way of Diviſion, not inferiour to the pteceding, (which is alfo proved by 
Addition, ) here followeth. | 
The manner of placing the figures is the ſame with the former; and for the perfor- 


mance of this Work, this is the RULE- 
Firſt write down the Dividend, and on the left hard thereof the Diviſor, with a crooked 


tine between them; and on the right hand of the Dividend make another croozed line , 


wherein to place the figures of the Quotient ; then draw a line under the Divicend ; and 
alfo make a prick, under that figure of the Dividend, under which the laſt figure of the Di- 
viſor will fall: This done, demand how often the Diviſor may be found in thoſe fiaures of 
the Dividend, and place that Digit in the Quotient; then by this Dizit multiply the Di- 
viſor, and ſet the ProduCt of this Multiplication direttly under the Dividend, beginnizg at 
the place where you made the prick.: [Thus far as in the former way. | Then ſuhrrett this 
ProduCt from the figures of the Dividend, and place the Remainder over the Dividend F 


Cancelling the figures of the Dividend as you proceed, ſ* is the firſt figure of the Quotient 


foniſhed : Then make a prick under the next figure of the Dividend, and demand how ofien 
the Diviſor may be found in the laſt Remainder, and the other fioure being added thereto, 
which place in the Quotient, and proceed in all reſpetts as before, till you have pointed all 
the figures of the Dividend. 

ample. Lec it be required to divide 763258 by 2345. 
Place 


a in = > NE EI Ra 


22 


— 


es 
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Place your numbers as you ſee in the Margin, and (be- 
cauſe there are four figures in the Div;/or, therefore ) 


234$)763 4 53( make a prick under the fourth figure of the Dividend , 


which is2, and draw a line, then begin your Diviſion 1g 
this manner z ſaying, 

1. How many times 2345 can I have in 7632? (or, 

«97 how many times 2 can 9 in cf Fins 3 —_ 17 

in the Qrorjenr, by which 3 multiply the Divsſor z fay= 

"34 5) 763459 (3 oy 3 = $ is I5; place 5 under the prick; then 3 

— times 4 is 12, and 1 is13; place 3 under the line : then, 

1935 3 times 3 is 9, and 1 is 10; place a cypher under the line: 

then, 3 times 2 is 6, and 1 is 7; place 7 under the line : 

then ſubtratt 5035 from 7632; ſaying, 5 from t2, and there remains 7 place 7 over 


2, (cancelling the 5 and the 2, ) and bear one in mitd: then, 1 and 3 1s 4, out of. 


13, there remains 9; place 9g over 3, and cancel 3 and 3; then which I carried from 

5; and there radios 4 z place 5 over 6, and cancel o and 6: laſtly, 7 from 7, there 

remains © z which you need not ſet _ = cancel the two ſeyens ; then will the 
ork ſtand as above, and the remainder wi 597. 

* FT. 2. Make a prick under the next figure of the Dividend, 

128 namely 5; and ſay, how many-times 2345 can I have 1f 

59 74 5975? anſwer two times; place 2 in the Quoriens, by 


2345) gh FP 32 which mvi\ltiply the Diviſor ; ſaying, 2 times 5 is 10 


place o under 5, and carry 1 : then, 2 times 4 is 8, 
1 is 9; place 9 under 7 : then, 2 times 3 is 6; place 6 


TI 359 under 9 : laſtly, 2 times 2 is 43 place 4 under 5; ſow 
455 the produCt of this Multiplication 4690, which you muſt 


ſubtraCt from 5975 ; ſaying, © from 5, and there remains 
5; Place 5 over 5, and cancel © and 5: then, 9 out of 17, there remains 8; place 8 
over 7, and cancel 9 and 57: then, 1 carried and & is 5, from 9 there remains ol 


. Place 2 over 9g, and cancel 6 and 9: laſtly, 4 from 5, reſts 1; place 1 over 5, a 


cancel 4 and 5 ; ſo have you finiſhed your ſecond figure, and your work will Rand as 
in the Margin, and your remainder will be 1285. | 
3. Make a prick under the next figure of your Divi- 


MP dend, ( namely under 8,) and ask, how many times 2345 
xz$5 can [I have in 12858? (or, how many times 2 can I have 
$9753 in 12? ) ſay 5 times; place 5 in the Quoriext , by which 


5 Fe multiply the Diviſor, ſaying, 5 times 5 is 25; place 
2345)7 F358(325 ander £, 26d ctery 2: then, Filme a fs 20, </ # qt 


CEE place 2 under 5, and carry 2: then, 5 times 3 is 15, and 
TIFIAY 2 is173 vas ander 8, and carry io then mes 2 
469J.2 ® . p | 3 Fa 
- is 10, and 1is11, place 11 under 1 and 2 fo is the 
ET, | product of this Multiplication 11725, to be ſubcrated 


trom 12858; ſaying, 5 from $8 reſts 3 ; place 3 over 8 
and cancel x and 8: then, 2 from 5 re 3; Place 3 over 5, and cancel 2 and 5: then, 
FREIN ls _ over 8, and cance 
over 2, and cancel i anc 2: laſtly, 1 from 1 reſts nothing; ſo is your work ended 
which you ſhall find to ſtand as in the Margin, the remainder being 1133. ; 


$ VIIL A certain Rule, to know what Figure to put in the Quotient. 


In the pradtice of Diviſion, there is nothing more difficule than in large Summs 
cially if the firſt figures of the Diviſor be —_— I, 2, 3, OT een Soho. the baſt "= 
7, $ or 9) to know certainly what figure to put in the Quorient, and never to take one 
roo Grear, or too Lirele, but that which will juſtly ſerve, when you demand how often 
the 4v5/or may be had in the dividend; for the certain finding whereof , and alſo to 
perform (with eaſe and certainty) the hardeſt, and moſt difficalt S»9w that can be pro- 
po in I —_ the ER of —_ only by Adadrrion and Sub- 
rthenin m & all, (a lictle pai | Ci 
avon. 11d homer "S emory , ( pains being taken before yoa begin 


Sitppoſe 


7 and 8: then 1 from 2 reſts 1; place 1 


EET NIE = oÞ 
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 — 


Suppoſe you were to divide any Summ, as 1097909, by 30g: 1 309 
Firlt, ſer down the nine Digits 1, 2, 3, &c. one under another, - 2 618 
and againlt the figure 1, ſet 309 your Djviſor, vchich doubled is 3 927 
6:18, which ſer againſt 2, theſe added together make 927, which 4 1236 
ſtands againlt 3: Add the Diwſor 309 to 927, it makes 1236, F 945 
which is againſt 4; to this add the Divi/or, and it makes 1545, 6 i854 
which ſtands under 5. And thus to every laſt nnmber ſtill add the +7 2163 
Diviſor,till-you have gone through all the nine Dzgirs, then will they $8 2472 

9 2781 


be as in the Margin. / 7 | 
Having prepared this little Table, ſet your Di-idend and Djviſor 
down, as in any of the ways of Diviſion pricking the Di:idend, and drawing a line under 


it, as is before direCted, and as you ſee here done. 
Then laying your little Table (which may be called a Tariffa) before you, look in 

it for 1097, the four firſt figures of the Dividend, which you cannot exattly find there, 

but the neareſt number fe (_ you _ _— | 

take when you cannot find the juſt number you loo 

for) is _ againſt which ſtands 3, ſer 3 in the 399)1097909(3553 

Qutient, and ſubtract 927, out of 1097, and there > 5 Bn 


will remain 172, to which bring down 9, the next 927. Product 
Ggure of your Dividend, and it is 1709: Look this 1709. . 

number in your Tariffa, which you cannot find, bur 1545 Product 
the next leſs is 1545, againſt which ſtands 5, ſer 5 .1640 


in the Qzorierr, and ſubſtraCt 1545 from 1709, there 


will remain 164, to which bring down the next fi- «1545. Product 
95 


gure of your Dividend, ( which here is a cypher,) 6 «ef 9 
making it 1640: Look this 1640 in the Tariffa, + 64927 Product 
which you cannot find, but the next leſs is 1545, a- + ++ ++.32 Remainder 
Saigſt which ſtands 5, ſet 5 in the Quorienr, and ſub- 097 "og 


ſtrat 1545 out of 1640, and there will remain 95, 

to which bring down the laſt figure of your Dividend | 

9, making it 959 : Look this number inthe Table, or the next leſs, which is 927, a- 
gainſt which ſtands 3, ſet 3 in the Qworzent, and ſubſtraCt 925 from 959, the remainder 
Is 32. Sois your divs/ion ended, and the Quorient is 3553 323. And with what eaſe and 
certainty this is effeted, no Multiplication being uſed, 1 leave to the Reader to judge. 


S IX. The Proof of this ſecond way of Diviſion. 


This kind of Diviſion is alſo proved by Addition ; for, If you draw 4 line under the 
work, and add all the figures between the two lines together, (in order as they then ftand) 
raking in the Remainder (if any be) the Total of this addition will be equal to the Dividend, 
if the work be true. ; 


4 
Z2X 7 


542) 74x53(140 
5428 
2x6 
The Summ 7 5880 
To which add 47 3 the Remainder 
The Summ 76 3 5 3 equal tothe Dividend 


x27 66 
7X49 4 
$678) 2345578(413 
227X284 
5573 
278; | | | 5 
The Summ 23.4501 4 
The Remainder FRE... 
The Summ 2 3 456 7 8 equal to the Dividend 


$ X. Que#tions 


24 
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S X. Queſt ions performed by Diviſion only. 


neſtion 1, If a piece of Land lying in a long ſquare, or Parallelogram, contain 42952 
Phy Perches, and-one of the ſides thereof be 236 Perches long, how long muſt the other 


de be ? 
FR Divide 42952 by 236, the Quotient will be 182, and ſo many Perches long muſt the 


other ſide be. . 

Queſtion 2. In a year there are $760 hours, and in every natural day there are 24 hours, I 
demand how many days be there in a year ? | 

Divide 8750 by 24, the Quotient wall be 365, and ſo many days be there in a 
year. ee 
Queſtion 3. The diſtance from London to Coventry 1- 1 33760 : yards, and in one mile 
there is contained 1760 yards, now I would know how many miles 1t 15 from London to Co- 
ventry ; WE L 

Divide 133760 by 1760, the Quotient will be 76, and ſo many miles it is from Zon- 


don to Coventry." | 
Theſe Queſtions performed by Diviſion only, are the converſe of thoſe that were per- 
formed by Mulriplication, which I the rather make choice of, that the Reader might ſee 


how 4ultiplication and Diviſion prove each other. 


CHAP. VIL 
Of REDUCTION. 


Definition. EDUCTION is two fold ; for the Firſt turneth (or reduceth) Gear 
R Denominations into ſmaller: As Pounds into Shillings, Pence, or Farthings ; 

which is performed by Afulriplication. 
The Second reduceth ſmall Denominations into Greater ; and that is performed by 


Drviſion, ; 
ST. The firſt kind of Redultion. 


Example 1. Let it be asked how many Shillings, Pence, and Farthings, are contained in 
729l. 115. 74. 3q. 
1 A Firſt, a Shilling is contained in a Pound 20 times, therefore 

7 2 9—1—7—3 multiply 729 by 20, or (which is the ſame, but ſhorter) by 2, 
20 and put the © to the produdt, as in the Margine, this ſhews, that 


\ TTY 


a 6-2-4} in 7291. there are 14580 Shillings. To which add 11 s. it makes 

1 4 $9 | Shillings 14591 Shillings. 

2918 2 | Secondly, Becauſe one Peny is contained in one Shilling 12 
: ; - : times, multiply 14591 by 12, it produceth 175092, to which add 


4. the 7 pence, ſo the Summ will be 175099. 


: Thirdly, Becauſe one ,Peny contains 4 Farthings, multiply 

oe bh ps. 175099 by 4, the Produtt will be 500396, to which add 

700309 Farthing the 3 Farthings, the Summ will be 50039 9; And ſo many Far- 
things are here in 729/. 11s. 74. 39. 


Example 2. Let it be asked how many Hogſbeads, Gallons, and Pints, are contained in 4 
 Tuns, 3 Hogſbeads, 27 Gallons, and 3 Pints. 
Firſt, 1 Tun is equal to 4 Hogſheads, therefore 4 Tm is equal-to 16 Hopſhead:, to 
which add the 3 Hogſheads, ſo there is 19 entire Hogſpead-. ” ; 
Secondly, Becauſe one Hogſhead contains 63 Gallons, multiply 19 by 63, it produceth 
1197 Gallons, to which add 27, it gives 1224 Gallons. s 
Thirdly, Becauſe every Gallon contains 8 Pimrs, multiply 1224 by S, it produceth 
9792, to which add the 3 Pints, and it will be 9795 ; and fo many Pints are contained in 
4 Tins, 3 Hogſheads, 27 Gallons, and 3 Pints, as appears by the work following. 


Tun 
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Tuns. Hog. Gall. Pints. 
4—3 27 3 
4 


— — 


I 6 
3 add 


I 9 Hogſheads 


I 22 4 Gallons 
HS. 
9792 

3 add 
9795 Pits 


After the ſame ſort might Dry Meaſures be reduced; as Quarters to Buſhels, Pecks, 
or Gallons; and likewiſe all Weights, and-Outlandiſh Cojns; of which the proportion 
of the greater to the leſſer is (before ) known or given. 


SIIL Zhe Second Kind of Reduction. 


This reduces Smaller Denominations into Greater ; as, Farthings into Pounds, Shillings, 
and-Pence;, Pints into Gallons, Hog ſheads, and Tins, &c. and is performed by Drviſon : 
And for the illuſtration hereof, we will take the converſe of the two foregoing Exam- 
ples, which will be Proofs to each other: Therefore, 

Example 1. Let it be asxed, In 709399 Farthings, how many Pounds, Shillings, Pence, 
and Farthings are there ? 

Firſt, Four Farthings make one Penny; therefore divide 700399 by 4, the Quotient 
will be 175099 Perce, and 3 Farthings remaining. | 

Secondly, Becauſe 12 Pence make one Shilling, divide 175099 by 12, the Quotient 
will be 14591 Shilings, and 7 Pence remaining. 


Thirdly, Becauſe 20 Shillings make one Pownd, divide 14591 by 20, the Quotient 


will be 7295. and 11 -. remaining: Or, ( which is eaſier done, ) ſet down 14591 5. 
and cut off the laſt figure to the right hand, by a daſh of the Pen, thus, 1459[1, 
then take the half of 1459, which will be 729, and 1 remaining ;z which 1 remaining 
is 10s. and the 1 cut off is 1 s. ſo the Pounds are 729, and the Shillings 11 : So thar 
in 700399 Farthings there are contained 7291. 15. 74. 39. as by the work appears. 


Pence Shillings 1 Shill. * 
« 4)790399(175099 12)r75099(14591t 1459[]1 
TORE > 729 Pounds 
4 I 2 
30 55 
28 , 48 
20 70 
z* 60 
039 Brat 
3 6 108 
39 19 
3 6 | Bp 
3 Farthings 7 Pence 


os. 2. In 9795 Pints, how many Tuns, Hogſheads, Gallons, and Pints are con- 
tamed ? | 
Firſt, Eight Pints make one Gallon; therefore divide 9795 by 8, the Quotient will 
be 122.4 Gallons, and 3 Pints remaining. 
Secondly, Becanſe 63 Gallons make one Hoe ſhead, divide 1224 by 63, the Quotiens 
will be 19 Hogſheads, and 27 Gallons remaining. 
| Thirdly, 
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Thirdly, Becauſe 4 Hogſbeads make one Tun, divide 19 by 4, the Quotient will be 
4 Tins, _ 3 Hog ſneads remaining : So that in 9795 Pints there are contained 4 Tins, 
3 Hogſheads, 27 Gallons, and 3 Pints, as by the Work following does plainly appear. 


Pints Gallons Hogſh. 4) 19( 4 Tuns 
$8) 9795(1224 63)1224(19 * ESO 
» rt | _ 
EE |. ms” 7 3 Hogſheads 
7 $94 
; '16 $67 
I 9 | 2 7 Gakons 
+ 
32 
3 Pints 


Example 3. Ler it be asked how maxy Pounds are #n 109754 Pence ?! 

Becauſe a Pound contains a Shilling 20 times, and a Shilling contains a Penny 12 
times, therefore if 109754 be divided firſt by 12, the Quotient ſhall be, 9146 Shil- 
lings, and 2 Pence over; then if 9146 be divided by 20, the Quotient is 457 Pounds, 
and 6 Shillings remaining : fo that 109954 Pence is equal to 457 ls. 6 s. 24. 

Or, if 109754 had been art firſt divided by 12 times 20, that is, 240, ( which is 
the number of Pence contained in a Pound, ) the Quotient had been 457 Pounds, and 
67 Pence remaining ; which is all one with the former, for 74 Pence is equal to 6 
Shillings and 2 Pence. More inſtances are not needfull herein, becauſe the thing of ic 
ſelf is very clear. 


CHAP. VIIL 
Of PROGRESSION. 


| D——_— ROGRESSION is alſe of two forts : the firſt is of certain numbers 

in Arithmetical Proportsen from 1 ;, that is, ſuch as differ equally, as 1, 2, 

3 4, 5» 6, where the common difference is 1, as is ealily ſeen; or 1, 3, 5,7, 9, 11, where 

the common difference is 2; or any other, as 1, 8, 15, 22, 29, 36, where the common 
difference is 7 : this is called Arirhmerical Progreſſion. 

' Secondly, of certain numbers in Geometrical Proportion from 1; that is, ſuch as in- 
creaſe by a common. Multiplication, as 1, 2, 4, 8, 16, 32, where the common Multiplier is 
2 ; that is, the firſt multiplied by 2, produceth the ſecond; and the ſecond multiplied 
by 2, produceth the third ; and ſo en: or, as 3, 9, 27, 81, 234, where the common 
Aulriplier 18 3 ; this is called Geomerrical Progreſſion, 

Both the co-mmon Difference, (1n the firſt,) and the common Multiplication, ( in the 
latter, ) ſhall for ſhortneſs hereafrer be called the common exceſs. 

Now of this firſt ſort, or Arithmerical Progreſſion,the principal uſes are theſe Six. 

1. If the number of places and common exceſs be given, to find the laſt number. 

2. The number of places and the laſt number giver, ro find the aggregate, vr total 
ſumm of all the numbers. 

3- The laſt number and the total ſumm giver, ro find the number of places. 

4- The number of places ad total ſumm being given, to find the laſt number. 

5- The laſt number and number of places giver, to find the common exceſs. 

6. The laſt number and common exceſs being giver, to find the number of places. 


Examples of all theſe. 


" Example 1. The Number of Places and the common exceſs given. to find the 4a 
| number, this is the KU LE: /* given, nd aſt 


Multiply the number leſs by 1 than the number of places by the common exceſs, and 
the Prodatt add the firſt number, the Summ 5: equal _ tbe L. 4 number. z ana 10 


Let 
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Let the number of places be 6, as 1, 7, 13, 19, 25, 31, and Oo ; 
the common difference 6 alſo : Multiply 5, ( which is leſs by 1 » 2 2 / 6 
than the number of places,) by 6, the common excels, the Pro- S 2 - CW 
duct is 30, to wilich the firſt number 1 being added, the Summ 5 | 25 ( _ 
is 31, equal to the lalt number. 6 | 31 3 


Example 2, The laſt number and the number of places being given, to find the roral 
ſunm of all the numbers, this is the RV LE: | 

Add the firſt and lalt numbers rogether, and multiply the ſumm by half the number of 
places, the produtt is equal to the aggregate, or ſumm of all the numbers added rogerher. 

So if the firlt number be 1, and the laſt number 100, the firſt number added to the 
laſt gives 101, which multiplied by 50, ( which is halt the number of places, ) produ- 
ceth 5050, Which is equal to all the hundred numbers added together. | 

And hereby may that vulgar Queſtion be anſwered, which is, 45 

IF a man take up 100 Eggs, placed one yard from another, all in a right line, by one at 
once, and bring them back, one by one, 10 a Basket placed at his firſt ſtanding, how many 
yards doth he go backwards and forwards ? | 

It is ſhewed before that he goes forward 5050 yards, and. he muſt needs come back 
juſt as much; that is, in all 10100 yards, which is 5 miles and three quarters, wanting 
20 yards. 


Or ſecondly, Suppoſe the number of places were 6, as theſe, ; | x r 
1,9, 17, 25, 33, 41, whereof the common exceſs is 8; | 3 | 1 ( _ 
the. firſt and laſt numbers added together give 42, which mul- #4 PB. 2 

tiplied by 3, (half the number of places, ) rhe Product is 126, © |-5t 126 
which is the ſumm of them all. Total 1 26 


Example 3. The laſt number and the tor! ſumm being given, to find the number of 
places, this is the RULE: 

Add the firſt and laſt numbers together, and by the ſumm of them divide the total, the 
Quotient well be equal to half the number of places. 

So, the firſt and the laſt numbers being 1 and 4r, and the total 42)126(3 
ſum 126, if you add the firſt and laſt numbers together, their ſumm 
is 42; by which divide 126 the total ſumm, and the Quotient will 
be 3, the double whereof is 6, the number of places. 

Example 4. The rotal ſumm and the number of places given, to find the laſt number, this 
is the RULE: 


120 
009 


Divide the total by half the number of places, and from I 1? 4)64(r6 
the Quotient ſubtratt 1, the reſt is the laſt number. > = on 

As, let the numbers be 1, 3, 5, 7, 9, 11, 13,15, or any $4 | 7%, # 
other ( in Arithmetical Proportion ) whatſoever: the ſumm =; | 7? | "_—_ 
of theſe is 64, andthe number of places 8, the half of it 7.| 7 = 
4; now if 64 be divided by 4, the Quotient is 16; from _ |= - 


which if 1 be taken, there remains 15 for the laſt number. ; 
Example 5. The laſt number and the number of places given, to find the common exceſs, 
this is the RULE: , | 
From the lalt number take 1, and the remainder ſhall be the Dividend; then from the 
number of places alſo rake 1, and make this latter remainder the Diviſor, and the Quotient 
of this Diviſion ſhall be the common exceſs. | | 
Let the numbers be 1, 4, 7, 10, 13, 16; from 16 take 


. 7 I I 
1, and there remains 15, tor the Dividend; then from _2| , HI SC3 
6 (which is the number of places) take 1 alſo, and #t%3| 7\ I5 
there remains 5, for the Diviſor : now when 15 is divi- 24 ! 10(- rags 
5 


ded by 5, the Quotient is 3; and 3 is alſo the common Z | " 
exceſs, or difference, between 1 and 4, or 4 and 7, &c. 

Example 6. Let the laſt number and the common exceſs be given, to find the number 
of places, this is the RULE: | 

From the laſt number rake 1, and divide the remainder by 
the common exceſs; then to the Quotient add 1, the ſumm js 
the number of places. 

As, let the numbers be 1, 5, 9, 13, 17, 21, 25, 29; 
from 29 take 1, remains 28, which divided'by 4, C which 
1s the exceſs,) the Quotient is 7, to which add 1, the 


ſumm is 8; which is the number of places, as in the 
Margin. 
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$II. Of Geometrical Progreſſion. 


T ſhall not be.ſo large in this as in the former, becauſe theſe things are of little uſe 
to the Arithmetician, except where a number is to be many times doubled, tripled, 
or the like ; which cannot be ſo eaſily abridged here as in the other, becaule there the 
laſt number ariſing of many Additions of the exceſs to 1, was eaſily found by one Mul- 
tiplication ; but here the laſt number being made by many Airiplications of the excels, 
is therefore many times harder than the other. 

The varieties bere ſhall be but two. 

1. The common exceſs and number of places being given, to find the laſt number. 

2. The exceſs and laſt number being given, to find the total ſumm. 


For the Firſt of theſe : 


I Example 1. Let the numbers be 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 
2 the excels 2, the places 1o ; find out the fifth number, ( which is eaſi- 
4 ly done, for any one may reckon ſo far by heart, ) that is here 163 
8 and multiply 16 by 16, it produceth 256, which is the ninth number : 
16 laſtly, multiply 256 by the exceſs 2, thence ariſeth 512, the number 
Cefired. 
64 So, if the places had been more, as 72; having found the ninth 
128 number 256, multiply it by 256, thence comes 65536 for the ſeyen- 
256 teenth number; which multiplied by the excels 2, gives 131072 for 
Fiz the eighteenth place, which multiplied by 131072, gives 19179869184, 
for the 35th place; and that multiplied again by the exceſs 2, gives 
34359733368, for the 36th place; that multiplied by 343597 38368, the product will 
be 1180591620717411327424, for the 71{t place; which, laſtly, multiplied by the 
excels, gives 2361183241434822654848, for the 72d place; which is the laſt num- 
ber in the Progreſſion required to be found. 

Perhaps this may ſeem ſomewhat tedious, but where things cannot be performed 
without labour, the Reader muſt content himſelf with fach Rules as make it leſs; for 
it is certain, that this way is much ſhorter than to haye multiplied ſtill by the exceſs 
71 times, which elſe he muſt have done. | 

All this notwithſtanding , he is not bound to uſe the ſame numbers, much leſs in 
other Queſtions, where the number of places is not the fame; but whereas I begin at 
9, he may begin at 8, 19, or 12, or where he pleaſes, fo as he remembers ſtill where 
he is; for this is general : | 

If the number belonging to any place whatſoever be multiplied by u ſelf, the Prodult ſhall 
be the number belonging to twice ſo many places wanting one place. | 


For the Second of theſe : 


Example 2. By the number of places to find the roral ſumm of all the numbers : For 


the performance hereof this is the RULE: 
From the laſt number take the firſt, and dyvide the remainder by the exceſs wanting 1; then 


i m— 


Places 
O © OY Oath wh w 
(3) 
do 


multiply the Quotient by the exceſs, and ro the Produtt add the firſt number ; the ſnmm of 


them is equal 10 the ſumm of all the numbers. 
So, if from the laſt number, or 72d place, be taken 1, the remainder is 2361183 241— 
-=434822654847, which ſhould be divided by 1, (that is the exceſs wanting 1, for the 


exceſs is bur 2, but becauſe 1 neither multiplies nor divides, that labour is ſaved; 


now, multiply this remain by the exceſs, the Produtt: is 4722366482869645309696, 
to which adding the firſt number 1, by making the figure 6 next the right hand to be 7, 
you have the total ſumm of all the 72 numbers. — 


$I. 4 Queſtion reſolved by Geometrical Progreſſion. 


A Londoner, ſojourning in a Countrey Market-Town, in Winter, made bimſelf a new 
Friez Suit and Coat, on which were ſet ſix dozen of Buttons, of Silk and Silver ;, a Baker 
being in his Company, liked it ſo well, he would buy it of him ;, the Citizen conſented to let 
him bave it, paying for the firſt Buston a ſingle Barly-corn, for the ſecond 2, fr the third 
4» and ſo on, doubling to the laſt. 

The Bargain was liked on both parts for the preſent, but ſhortly after revoked ; 


for it could not by performed, and no man can be holden to an impoſſibility. 
But 


£2 
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But why this could not be performed may be judged, Firſt, by inquiring into the 
worth of ſo much Barly in Money ; and Secondly, the weight of it, and how it ſhould 
be removed. ; 
| x. For the firſt, allowing 100co corns to a pint, (which is more than enough,) then 
5120000 corns make a quarter z and yer ( for ſhortening the Diviſion ) we will allow 
10000000 corns to a quarter z by which dividing the whole number of corns, ( which 
is done by cutting off the firſt ſeven figures towards the right hand, ) the Quotient 
will be 472235648286964, and ſo many whole quarters there are, omitting the remain- 
der, as in this caſe inconſiderable. 

Now allowing Barly wete to be fold at 15 d. the Bnſhel, (which is cheap, ) it is fo 
many Angels; and therefore dividing it by 2, it is 236118324143482 pounds ſterling ; 


% 


which is in words, Two hundred thirty (ix millions of millions, one handred and eighteen thou- 


ſana, three hundred twenty four millions, one hnt1dred forty three thouſand, four hundred 
eighty two pounds, Which I take to be too much for any Tradeſman to get or keep. 

And reckoning Land for ever at twenty years purchaſe, if this ſumm of pounds be 
divided by 20, the Quotient is the yearly rent of 1180591620717, pounds : and this 
divided again by 365, (the number of days in a year) the Quotient is 32344975918, 
that is, above Thirty ewo thouſand of millions a day for ever. So great a vanity may 


be concluded on for want of a little premeditation. 


2. Now ſecondly for the weight of. it : If we put 8 buſhels to weigh two hundred 


pounds weight, ( tor ſure it doth weigh more, then the whole number of quarters 
multiplied by 2 gives the weight of all to be 944473296573928 hundred weight, and 
if this be divided by 20, ( which is but cutting off one figure towards the right hand, 
and dividing the relt by 2, ) or, which is all one, cut off one figure from the num- 
ber of quarters, the Quotient 47223664828696 is ſo many Tuns ; and therefore it 
will require 47223664828 Ships of 1000 Tus a-piece to carry it; and conſequently, 
if every Nation in the World had above 10000 ſhch Ships, yet there muſt be above 
our millions of ſuch Nations z which I ſuppoſe are not to be found in this World. 


fe 
And here 1 will leave this, having nſed this long example, ( which though it require 


more labour, as all great examples do, yet the ſame $kill will do it, as if the places 
had been fewer,) that the Reader being throughly exerciſed thereby, may the eaſier 


leap over others which are ſhorter. 
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CHAF. 


Of The GOLDEN RULE, o Ruk of 
T bree Dire@&, 


an is the moſt »/ef# and moft eafie Rule in Aricthmetick, and deſerves a 

Golden Name. It is when there are three numbers given, of known, 
fo find x forrth in proportion with therr. | 

But Four numbers are in proportion, and called Proportional, when as the firlt is to 
the third, fo is the ſecond to the fourth. 

As, if there were given 3, 4, and 6, to find a fonrth, which may be to 4 as 6 to 3, 
that is, double; and that fourth number is 8: and this is called Proporrion Dijret ; 
and the Rule whereby it is done, The Dire& Rule. 

There is alſo another proportion called Reciprocal 5 which is, when as the firſt is 
to the third, ſo is the fourth to the ſecond; as, 3, 4 6, 2; this is called The Re- 
verſe Rule. 

In Dzrei? Proportion the Prodact of the two middle numbers multiplied together, is 
ever equal to the Product of the firſt and laſt multiplied together ; which ſerves noc 
only for a Proof, but a ground of the Rule, which Rule ſhall here follow, the Rever /c 
Rule being deferred till we have done with this ; and for the working of it, this is 
the RULE: , 

Multiply the Second Term, (or Number, ) by the Third, and divide the Produtt by the 
Firſt, the Quotient ſhall be the Fourth Number deſired. 

Example. Let the three numbers given be 2, 6, 3; multiply 6 by 3, the Produtt is 
18; then divide 18 by 2, the Quotient is 9; which is the Fourth number in propor- 
tion with 2, 6, and 3. 
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For as 2 to 3, ſo 3 times 2, (which is 6,) is to 3 times 3, (which is 9.) 

And fo the Product 18 divided by 2, and the Quotient 9, cauſeth that the Product 
of 2 into 9 ſhall be alſo 18; and conſequently if 2 be the firſt of the four proportio- 
nal numbers, and 6 and 3 the two middlemoſt, then 9 is the laſt. 

Otherwiſe : Divide the Second by the Frſt, and multiply the Third by the Quotient, the 
Produtt ſhall be the Fourth. , : 

So if one divide 6 by 2, the Quotient is 3; by which multiply 3, the Product is 9, 
for the fourth number, as before. | : 

Other ways this Rule might be expreſſed, but where the firſt way is ſo ſhort and 
clear, there many other ways would rather trouble than help the perſon that ſhoucl 
uſe them. ; 

In the firſt way, (which here we mean to uſe, and no other, if the firſt number 
be 1, then the produdt of the ſecond and third gives the fourth, without any Diviſion ; 

- or, if the ſecond or third number be 1, then there needs no Multiplication, but divi- 
ding the greater of them by the firſt, the Quotient in whole numbers (for yet we 
ſpeak of them) is the fourth number, which was ſought. , 


Note 1. To know-when to uſe the DireCt Rule, or the Reverſe Rule, Conſider, if more 
require more, or if leſs require ſtill leſs, then uſe the DireCt Rule : But if more re- 

« guire leſs, or leſs more, then uſe the Reverſe Rule: This will be eaſily underſtood 
when we come t0 Examples. 

Note 2. To know how to place the three numbers when they are confuſedly given : Remem- 
ber, that two of them are always of one Denomination; as both Pounds, or both Sheep, 
or both Yards, or Acres; and the other number hath another Denomination ; now know, 
that this ſingle number is ever the ſecond number in order ;, and one of the other two, 
namely, that which hath ſome relation to this ſecond, is the firſt, and the other is the 
third number, whoſe relation 4s ſought for in the fourth; whence it's plain, that the 
ſecond and fourth are alſo of the ſame Denomination. 


And having premiſed theſe things, let us now exemplifie the Rule in ſome Queſtions. 
Queſtion 1. If three yards of Cloth coft 4 li. what ſhall 21 yards coſt ? 

| Set the numbers in order, as in the Example. If 3 yards 

* 6. 7. coſt 44. what 21 yards? Here you ſee that the firft rum- 

If 3 coſt 4 what 21? ber, and the third number, are both of one Denomination, 

{ 4 Viz. both yards; an my ſecond —_— is of another De- 

"7, nomination, namely, pownds; wherefore the fourth number 

; F 5 as 5+ which is ſought for, muſt be alſo pounds ; 7 war xe multi- 

| plying (according to the Rule before given) the ſecond 


6 number by the 7-574, and dividing the Produtt by the fr, 
*S the Quotient ſhall anſwer the queſtion. 
2 4 So, 21 multiplied by 4, ( which is the third number mul- 


tiplied by the ſecond ) produceth 84; which divided by 3 
the firſt number, the Quorient 1s 28 /;. and ſo much ſhall 21 yards coſt : For 28 is to 
4, as 21 to 3, ſeeing each contains either 7 times. 

Queſtion 2. If 4 men eat 2 Pecks of Corn in a Wetk,, how many Pecks ſhall ſerve 10D 
men ? | 

Place your numbers as here you ſee; then multiply 100 by 2, ( that is, the third 
number by the ſecond, ) and the Produtt is 200 ; which divided by 4, the Quotient is 
50, for the number of Pecks required. | 


Men Pecks Men 


If 4 eat 2: what 100? 4)200(50 Pecks. 
4 MN | 
200 2 © 


| No 
Queſtion 3. If 20 Sheep coſt 13 li. 13s. 4.d. what is that for every Sheep ? 
Turn the Shilings and Pounds into Pence, thus, h EY 


Ss, ti. 

I 3 240 
I 2 I 3 
26 720 
I 3 2 4 
i56 3120 


Multiply 


þN 
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= Multiply 12 7. by 13, the Produtt is — —— 156 Shill. 
And 13 li. by 240, (becauſe 240 d. make one Pound,) the Product is—3 1 2 © | 
To which add=— — 4 
It makes in all —— .  —— 0 
Then the Queſtion will be, 1f 20 Sheep coſt 3280 Pence, what ſhall 1 Sheep coſt ? 
Sheep Pence 
If 20 coſt 3280 what 1? 
20)33280(164 12)164(1 3 Shillings 
2 © 12 
128 4 4+ 
120 36 
Bo 8 Pence 
80 
00 


By the Rule before delivered, I ſhould multiply the ſecond number by the third, but 
in this Example, the third number being 1, it doth not multiply ; I therefore divide 
3280, the ſecond number, by 20, the firſt number, and the Quotient, 164, is the Price 
of one Sheep in Pence z which divided by 12, the Quotient is 13 5. and 84. remaining ; 
the price therefore of every Sheep is 13.5. 8 4. : 
| Queſtion 4. How many 10 Inch Tres will pave 4 Floor that comtains 16 ſquare yards ? 

Firſt, Remember there are 36 inches in one yard in length ; which multiplied into 
36 gives 1296, for the ſquare inchesMontained in one ſquare yard, multiply 1296 
therefore by 16, thence comes 20736, the ſumm. of all the 16 yards in inches. 

Secondly, Seeing every Tile is 10 inches la length, and 10 in breadth, multiply 19 
by 10, it produceth 100 for the ſquare inches in one Tile. See the manner of the work. 


36 IO 
36 IO 
216 109 
108 
1296 
I' 6 
7776 
1296 
20736 
"Then by the Golden Rule; If 100 Inches require 1 Tile, what ſhall 20736 Inches re- 
wire ? | 
. Inches Tile  tnches 
If 100 require 1 what 207 36? 
207|36 


Here becauſe 1 doth neither multiply nor divide, (as hath been ſeveral times inti- 
mated, ) therefore divide the third number 20736, by the firſt 100, which is done by 
cutting off (with a daſh of the Pen, as above, the two laſt figures of the Dividend, 
becauſe the two laſt figures of the Diviſor ate Ciphers ; and the other figure being 1, 
there can be no farther diviſion; ſo the figures on the left fide of the daſh are the 
Quotient, which is 207 ; and thoſe on the right ſide, viz. 36, the Remainder. 

So it appears, that 207 is too little, and 208 too much to do the Work, the juſt 
number being 207 3235, we ſhall not trouble the Reader with this till he know ſome- 
—_ Fractions. 

Queſtion 5. Jf 1ooli. give 61i. intereſt for one year, how much ſhall 750 1i. give ? 

Multiply 750 by 6, the Product is 4500 which divided by "= (thor is, he two 

Ut Ciphers cut off, for the Remainder,) the Quotient (that is, the figures on the 
_- lide of the daſh,) is 45 45. for the thing required, 2s appears by the Wark 

owing : 
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G. li. os. 
If i100 give 6 what 750! 
6 


4 5199 


Queſtion 6. If 750li. gives 45 li. intereſt for a year, what ſhall tooli. give? _ 
Multiply 45 by 100, the Product is 4500, which divided by 750, the Quotient 1s 


6 li. for the intereſt of 100 hi. for a year. 


hi. h. ti. bi. 

If 750 give 45 what 100?  *. 750)4500(6 
100 ; 
4500 4500 
©000 


Many other Qneſtions might be added, but the Rule is ſo plain, that it needs them 
-not; and ſo general, that he who can reſolve one, may as well reſolve any other : and 
for that reaſon, and becauſe in all the Rules which follow, this Rule will be conſtantly 


made uſe of, I will ſay no more of it here. 


CHAFT 2. 
Of The GOLDEN ROLE KReveſ.. 


R— TT: Golden Rule Reverſe 1s juſt Gntrary to the Golden Rule Di#ef, the 
Proportion being reciprocal; for in the Dire& Rule, as the firſt num- 


| ber is to the third, ſo is the ſecond to the fourth; but in the Reverſe Rule, as the firſt 


number is to the third, ſo is the fourth to the ſecond; as will eaſily appear by ſome 
tew Examples, wrought by the following KULE: - 
— Multiply the Firſt rerm by the Second, and divide the ProduCt by the Third, the Quo- 

tient 3s the number deſired. | : | 

Queſtion 1. Jf 12 Workmen doe any piece of work in $ months, how many Workmen ſhall 
aoe the ſame in 2 months ? | 

Here 12 is not the firſt number, though it be firſt named ; but the three numbers 
placed in order ſtand thus, 8, 12, 2; for the middle term muſt always be of the ſame 
denomination with that which is required. | 

Now, Multiply 12 by 8, the Produtt is 96; which divided by 2, the Quotient is 
48, which anſwers the Queſtion ; as in this Example : 


Months Men Months 
8 


For if 8 months require 12 men, then (a fourth part of 8) 2 months ſhall require 
four times 12, that is 48 men. | 

For here leſs requires more z that is, leſs rime more hands; and therefore it is wrought 
by the Reverſe Rule. | 

Queſtion 2. How many Ells of Tapeſtry will ſerve tro hang a Room 3 yards high, 6 yards 
wt, _ 5 yards broad not regarding Doors, Windows, or Chimney, but as if there were 
no fuc | 

Firſt, Multiply 6 by 3, the ProduCt is 18, which doubled, ( becauſe there are two 
ſides called lengths, ) is 36 yards, for all the length. 
_ Secondly, ( for the ſame reaſon, ) multiply 3 by twice 5, that is by 10, the Produt 
Is 30 yards, for all the breadth; which added to 36, gives 66 yards, equal to all the 
length and breadth in yards. 


But 
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But now, becauſe an Ell, that is, a Flemiſh Ell, (for ſuch meaſure are Hangings ſold 
by, ) is equal to 3 quarters of a yard, that is, their Ell is to our Yard as 3 to 4; fay 
' therefore, if 4 give 66, what 3? multiply 66 by 4, it produceth 264 ; then divide 264 
by 3, the Quotient is 83: Again, multiply 88 by 4, and divide the Produtt (which is 
352) by 3, the Quotient is 117, and i remaining, to which the Diviſor 3 being ap- 
plied, the number juſtly anſwering the Queſtion is 117 Ells, and one third part of an 


Ell, as by the work appears. 


It 4 give 66 what 3? 88 
LOR... 4 
3)264(88 3)z$s2(11737 Els 
2 4 3 
2 4 o5 
2 4 3 
OS 2 2 
21 
I Remains 
Note 1. Becauſe here we had to deal with things 66 
which had equal length and breadth, that is, ſquare £2.40 
Yards, and ſquare Ells, therefore one Multiplication 29 3 2 6 
and Diviſion was not ſufficient to proportion this ; F 
bur if inſtead of working by 4 and 3; it had been 9)10og6(1174 
done by their ſquares, which are 16 and 9, it might 9 2p 
have been performed at once, thus : Multiply 66 1s 
by 16, the Product is 1056, which divide by 9, the 2 
Quotient is 117 3, or 3, as before; but I began nor | Ss 
with this way, for I ſuppoſed my Reader ignorant of 6 3 Rem 


ſquares. 


Note 2. It might alſo have been done by reducing all the terms into quarters of a 


Yard at the firſt, and after the number is found, reducing them again to Ells; but be- 
cauſe It 1s more proper to work thus till Frattions have been taught, I leave that, and 
proceed to another queſtion. 
Queſtion 3. If 1 Cloſe would graze 21 Horſes for 6 Weeks, then ( (uppoſing no waſte 
to be made) how many Horſes would it feed for 5 Week; ? 
Multiply 21 by 6, it produceth 126, which Givided by 7, the Quotient is 18; ar 
thar rate therefore it would keep 18 Horſes for + Weeks. 


WW. H. W. 
6 21 7 
6 


7)126(18 Horſes 


hens 4. If 1 Cloſe will feed 18 Horſes for 5 Weeks, how long ſhall it fetd 63 
Horſes ? 

Multiply ( according to the Rule) 18 by 7, the Produtt is 126, which divide hy 
63, the Quotient is 2; therefore 2 Weeks it ſhail keep them, as appears by the Work. 


H. MW”. H. 
LS. ] — G3 


63(126(2 Weeks 


I26 
O 
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Fhe like way ſerves for Hay, Oars, or any other proviſton for Man or Beaſt; which 
may be of vſe in Gariſon, and ſuch like cafes, where fcarcity may be feared, to pro- 
portion either rhe Mouths to the Meat, or the Meat to the Mouths. 

Before I leave this Kr:le, ( becauſe it comes not in ſo much uſe and practice as the Dji- 
reft Rule doth, and therefore may be more apt to be forgotten,) I will, to exerciſe the 
Reader therein, propoſe the following Queſtions, giving the Anſwers of chem, and 
leave the practice to the Reader, to find out of himſelf, the better to fix the Rule in 
his Memory. 


Queſtion 1. If 12 Men would raiſe a Frame in 10 Days, in haw many Days would 8 
Men raiſe tie fame ? | 
Here, bccauſe the fewer Men would require the longer time, though the numbers be 

12, 10, 8, yet you ſhall (by obſerving what hath bcen already delivered in this Rule, ) 

find the fourth proportional ( which is the number anſwering the Queſtion, to be 15, 

and fo many Men will Yoe the work in 8 days. 

+ Queſtion 2. If 60 Yards of Hangings of three quarters broad would hang a Room, how 
many Taras of half a Tard in breadth would ſerve ro hang the ſame Room ? 

Anſwer, Ninety Yards. | ; 

Queſtion 3. If 4 Board being t2 Inches in breadth, do require 12 Juches in length to 
niaie a Feor ſquare ; What number of Inches in lenzth will make a Foor fquare, when 
the breadth of the Board is 16 Inches ? 

Anſwer, Nine Inches. | 

Queſtion 4. If the baſe or end of any Solid (as 4 piece of Timber or Stone, ) being 144 

' Inches, do require 12 inches in length of that piece ro make a ſolid Foot What num- 
ber of Inches in length will makg a ſolid Foot, when the ſquare at the end is 216 
Inches ? : | | 

Anſwer, Eight Inches. 

I will fay no more of this Rule, neither will I treat of the Double Rule of Three, as 


a Rule by it ſelf, but come to the Rule of Five Numbers, which is an Abridgment of 


the other. | | 


22S 3. FN «Ah. io th 


CHAP. XI 


Of The GOLDEN ROLE Compound of 
Five Numbers. 


Defwitzon, T*Bis Rule performeth at one Operation that which by the Single Rule of 

Three would require two, and ſo it is called the Compound Golden Rale 
of Five Numbers. To this Rule there belongeth always Five Numbers, the firſt Three 
contain a Sxppoſition, the Two laſt a Queſtion, tb which the Six:b Number found muſt 
be the Anſwer : Now any Queſtion iti this Rule being propounded, to work the ſame 


_ this is the RULE: | 


Firſt, Place the Five Terms or Numbers fo, that the Firſt and the Fourth may be of 
0ze Denomination, the Second ard the Fifth of another ; and the Anſwer in the Sixth 
\Vumber _ be of the ſame Denomination with che Third. 

Secondly, Multiply the Firlt and Second Numbers into each other, for a Diviſor : and 
the Three laſt, for a Dividend ; ſo ſhall the Quotient anſwer the ow demanded, : 

Queſtion 1. /f a hundred pound weight (that is, 112 pound) carried 126 miles coft 14 s. 

how _ ſhall three quarters of 4 bundred (that js, 84 pound) coft,, being carried 
40 miles 


Firſt, Place your numbers-according to the tenour of the Oueſti 
: eſtion, and 
Cone in the work following. G : QU , a J0u ſee 


Your numbers being placed in order, reduce the 14 s. into It 1 
| , . pence, and it 1s 168 4. 
then-multiply 168 by 84, the Product is 14112; which multipli ; 
564480, for the Dividend. $425 PACE EOIIES.Iy $0, it prodecerk 
Then multiply 112 by 120, it produceth 13440 for the Diviſor. 


Divide 5654480 by 13440, the Quotient will be 42 pen ch j 
ce, whic 
anſwers the Qneſtton. : | 4p 7 ich " 3s, 6d. and 


It 
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lb. w. Ailes s, lb. w. Aflles. 
If 112 ——-120 ——I4— 4 — 40 
120 "0 
2240 2 
112 I 4 
1 O 16 8 Pence 
99 8 4 lb. weight 
629 
1344 
I4112 
4 oO Miles 


13440)564480(42 Pence 


537608 
26880 


26880 


Here you ſee the f-ſ# number and fourth, alſo the ſecond and fifih, and alſo the third 
and ſixth are of like Denomination and Nature. - 

Queſtion 2. Jf 100 li. for 6 Months yicld 31i. intereſt, what ſhall 625 li. yield for 

36 Months ? 

Place them thus, 100, 6, 3, 6, 5, 36. 7 

Multiply the three laſt, as before is ſhewed, the latter ProduCt is 67500, for the 
Dividend ; and the two firſt multiplied make 600, the Diviſor ; then divide 67500 by 
600, ( or 675 by 6, which is all one, ) the Quotient will be. 112 whole pounds, and 
300 (or 3) remaining z which, becauſe it is half the Diviſor, ſignifies the half of a 
pound, that is 10 -. H the anſwer to the queſtion is 112 (4. 105. 


6 M6 >: 

If 100 in 6 gain 3 what 625 in 36? 
6 3 
600 | 1875 


6)67500(1121i. 105. 
4 


Which might have been given in one Denomination, namely, 2250 ſhillings, if be- 
fore the work the Pounds had been turned into Shillings, by multiplying them by 20 
as hath been ſhewed before. 

But ſince moſt Queſtions, except ſuch as are ſtudied for the purpoſe, are apt to end 
in ſome FraCtion, 1 ſhall next treat of Fra&ions. 

Only firſt, having ſpoken of the Double Rule of Three, this may let you know, that 
all Queſtions which are wrought at once by the Compound Kale of Five, may be done at 
twice by the ſingle Rule of Three; and the doing of them ſo by two Operations, is 
called The Double Rule : But this will be better underſtood when Fraions are known, 
which we next intend to treat of. 
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CHASE XL 
W FRACTIONS. 


$1. Deſuition. He word Frattion ſignifies a breaking, or breach of any entire thing 

T into parts; and when a number is ſo broken, the parts ( which 
muſt needs be every one leſs than the whole, and the whole is accounted but Ore, or 
Unity, ) being leſs than Unity, are called Frattions (that is, Fragments or Pieces ) of 
Unity. Now the Unite, or entire riuthÞer, which is to be broken, may be any thing ; 
as one Pod, in reſpe&t of wWhith' Shillings,, and Pence, and Farthings, are Frattions ; 
or, one Shilling, in reſpe&t of whitch' Perce ant Parthings are Frattions; or, one Penny, 
in reſpett of which Farthings are Fraftions; and the like of Weights and Meaſures, or 


any other thing to be broken into parts. pn by 
In Frattions, we ſhall treat firſt of Nwmerarion, then of Multiplication and Diviſion, 


then of Red«#10n, and laſtly, of Addition arid Subrrattion. 

The reaſon of this order will ſoon be ſeen ; for Multiplication and Diviſion are here 
much eaſter cham Addfrivr! arid? Subrration, ard! therefore otight' ro be Karacd before 
them. | 


SIl NUMERATION of Fradtions. 

Wamer 4 is nothing el Bot the way of writing Friftions; and that this ritay be 
ons; we muſt cotifiier that any Uniry, or A#ab# repreſentirig at! Vnice, may be bro- 
ext in 70 equa? parts, and therr 6acl# of thoſe pirts iv Galle# ofe ſecontt; or Kaif 3 of 

© three qua 


i rtfay be part F parts; ant] then' aty part is callt ovr rhjrd, ard two 
of them are called rw6 rhirds 5 and rhe Ike my be F60t if ir were parted irits 
4r 5, 6, 7, $, 9, 20, 50, Or 100, or how many parts ſoeyer. | 
Now to write theſe doe thus: | 

CF One half 1 2H 

One third | | T7 

One fourth 5 

One fifth | x 

Write 4 Otte ſixth +thnso 5 

| Orre ſeventh | $ 

Orre eighth | 7 

| One ninth = 


L One tenth © ES 


In every one of theſe 10 Fraions the number below the line is called the Denomi- 
nator, and ſhews into how many parts the Une is broken z and the number above the 
line ſhews how many of thoſe parts ire taken, or contained in the Fra#jorn, and is 
therefore called the Namerator - So in the Fraftion 3, the Denominator 5 ſhews the Unite 
to be broken into 5 parts; and the Vamerator 3 ſignifies 3 of ſuch parts to be contai- 
ned in the Fraton, which Fraftion therefore is called three fifths. | 
| Ani hete it is plain, that, as the Nithtr ator 18 th proportion to the Deruminator, fo 
is the Ftattlon to t, ot Unity z fot 4; of $; ot ay the like; is eqtial £6 i. 

And therefore all Fra&tions are Quotients of leſſer numbers d}vided by greater; as 
* ſignifies 4 to be divided by 5; 4fid as the Dividend 4 is to the Divifot +, £ is the 
Quotient 5 to Uunity ; and therefore this like of ſepatarioi which is drawn betweett 
the Dividend atid Divzſor doth ptdperly fighifie Diviſtos. 

Hitherto we have ſpoketi b y of ſich Fraftions as art leſs than 1; ahd thoſe are 
called Proper Fraftions z but thiete are alſ 2 3; 34, $4, 63, afid the like Mixed Nuti- 
bers, Which {6 written Ngfnifis #90 291 4n BAſf, tort hd three hathtcrs, five thd m ſe 
venth, fix and three fiuhs, Theſe, by multiplying the whole nombers by the Denvihi: 
nator, and to the Produtt adding the Numcrators reſpeCtively, are turned to f, IL, 
25, 23 which are called- Improper Frattions, becauſe every one of them contains more 
than Unity. Fs 

Theſe nevertheleſs may be multiplied, divided, added, or ſubtrated, in the ſame way 
as Proper Frafjons are. And this ſhall ſetve for Numer aticy of Fraftions. 


6 III. Frafticns 


COST EL, "xe; SR * Pe en iT - = 7 
Do 5 = he — _— Pe 
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S Ill; Fraftions Demonſtrated. 


þ T ' þ : 3 \ 4 1 bw of F | "if : = ; 8 mn _9. , Je , If , T2 n 
A by L] b bu "WM $a x ” "0 be dat . | | 
0 'S & Po E : I2 : 
B F P P ih P © bi WS WWF] | 
IS... 6 3 2. 
Gr nn — 4a ener 
C C | 
CE 5 id ' « 1 3 x T2 a 
E - ® © ' bs © F os 6 be 2s 
L * -— 4 4 ML 3 a g IL PR... ; TN 


F. Of Simpte (or Proper) Frattions. 


A Praftion ( as before it is defined Y being a broken number, or part of any [nreger, 
the Denomraror fhews into how many equal party the Hrreger: is to be divided 3 the Nis 
merator denotes the number of thoſe equal parts of the Vnire (or a_ ) to be raken. 

For the farther illnſtration hereof, let the ſix Lines AG, BH, CI, DK, EL, and 
FM, all of one length, each contain a Srarute Foot : Now if it were required to know 
the Yalue of this Fraftion 4, the Foor being the Ireger ; the Anſwer will be 1 Inch: for 
(according to the Dexominaror) the Face is to be divided into: 12. peres, and the ANune- 
rar being an TVunite, the Frattren is one of thofe 4 ey" of the Line AG, contai- 
ning 1 /=ch- And 5 part of a Fooe is 3 Jucbes; for the Fact (according to this Fraftion) 
Is to be divided into four equal parts, as is the Line B H, and one of thoſe dividions 
(which is 3 Inches) is to be taken: Alſo x of a Foat is 4 Izches; 12. Inches being divi- 
ded into rhree parts, as the Line CI, then one of thoſe parts will be 4 inches - And 5 
will be 6 Inches, as the Line D K : And 2 will be 9 Jzches, as by the Pricks under the 
Line E L doth evidently appear : And ſo ia the other Line F M + will be 10 Jrcbes, 
as the Pricks under that Line do clearly demonſtrate : And fo of all other Simple (or 
Proper) Frattions, whoſe Numerators are always leſs than their Denominators. 


I. Of Frafions of Frattions. 


Such Fraitjons as we are now treating of are uſually ſubſcibed in this manner, + of } : 
By the Derominator of the Second Fraftion the Integer 1s to be divided into 4 equal parts; 
and according to the N merator, three of them is to be taken; and by the Firſt 
Fraition one third part of that is to be taken : As, in the former Example, 4 of the 
Line EL 12, was 9 Inches, and that ſub-divided into 3 parts, one of them will be 3 
Inches, as by the diviſions above the Line with 2 pricks does appear. 

Apain, x of 3 of 5, are three Compounded Frattions given, whoſe value is required in 
the parts of a Foo. | 

he Line FM is divided by 2 /nches into 6 patts, 5 of thoſe diviſions is 10 Inches, 
3 Of that is 2 Inches, and the half of that is 1 Inch, as doth evideatly appear. 


SIV. MULTIPLICATION of Fraftions. 


For the working of AMatriplitarion in Fraftions, or Broken Numbers, this is the 
RULE: | 

Multiply all the Namerators together, the laſt Produit ſhall be the Numerator of the Pre: 
autt required : Likewiſe, Multiply all rbe Denominacors rogerber, rhe laſt Prodntt ſhall be 
the Denominator of the Produtt ſought. ; | 


Example 1. If } be to be multiplied by 5, multiply the A\umerator 12 
3 by the Numeraror 4, the Produdt is 12, for the Numerearor of the new 3 4 
Produtt , alſo, multiplying the Denominator 5s by the Denomizator 9, 5 Ny 
they produce 45, for the Dexomiraror of the defired Produtt ; fo that _ 45 


Produtt which was required, is 2. SN 
Example. If 5, 4, 7,5, and ;}, were to be multiplied afl together ; begin with the 
Numerators, ſaying, once 3 is 3, and 3 times 4 is 12, and 12 times 5 is 60, and 6g * 
traces 


\ 
j 


eta 
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times 3 1s 180, for the Naumerator : then muſtiply the Denominators , ſaying, 2 times 4 
is8, and$ times 5 is 40, and 40 times 9 is 360, and 360 times 11 1s 3960, tor the new 
Denominator ; ſo that the Product of all thele is 537;- | ; 

Ard thus it appears, that proper Frattios being leſs than 1, are ſtill made leſs by 
multiplying; as here the Product 533%) which ( being reduced, as ſhall hereafter be 
ſhewn, ) is ;:, is much leſs than 53, which is the leaſt Multiplier ; and the reafon here- 
of is plain; for ſeeing Afulripiicarion is but the taking of a Number a certain number of 
times,” if that number of times be more than 1, then the Number to be taken is in- 
creaſed by being taken more than once ; but if the number of times be 1, it is.not in- 
creaſed or- diminiſhed, bur is ſtill the ſame; laſtly, if that number of times be leſs 
than 1, as, the Number not being taken once, bur half of once, produceth a Num- 
ber leſs by half, that is, the half ot the Number to be taken and the like reaſon is of 
all others. 

Example 3. Multiply the mixt numbers, 3 5, 4 3, and 5 3: Firſt ( 2$ hath been ſhewn 
already ) turn them ro improper Frattions thus, firſt ſay 2 times 3 156, and1 is 7 fo 
the firſt is ?: Secondly, 3 times 4 is 12, and 1 is 13; fo the ſecond 1s 3: Laſtly, 4 
times F is 20, and 3 is 23; ſo the laſt is 2}. Now the Fractions to be multiplied are 
7, 53, and *3: Firſt, For a new Numerator, ſay, 7 times 13 1s 91, and 91 times 23 Is 
2093; then ſay, 2 times 3 is 6, and 6 times + is 24; ſo the new Denominator is 24 ; 
and the Product of all theſe Fractions is =*;;; that is, it real divilion be made, $7 ;5 


1} Þ4* 


$s V. Multiplication of Frations demonſtrated. 


I. Of Proper Fractions. 


Multiplication of Fraftions is contrary to Multiplication in Whole Numbers; for the 
New Frattions produced are always /eſs than either of the terms given to be multiplied ; 
yet in their operation they do make a Square Figure with this Analogical Equality, or 
Proportion. 


* 


As the Sqware made of the Numerators - 
Is to the S9quare of their Denominators, 
So ſhall the Superficial Square of the Frattion 
Be in proportion to the Square of the Integer. 


In this Geometrical Square ABCD, 
every one of the Sides is divided into 12 
equal parts, or Inches, ſoif AB12 be 
multiplied by AC 12, the ProduCt will 
be 144, the number of Square Inches in a 
Superficial Foot ; as by the Figure doth 
plainly appear. 

Now ſuppoſe two Frafions propoun- 
ded to be multiplied, as; of AB by } of 
AC; 2 multiplied by 3 is 6, for the new 
Numerator ; and 3 by 4 is 12, for the 
Denominator ; ſo the new Frattion is z*, or 
:» Which is leſs than either of the terms 
given; forzof ACis 9 loches, and 2 of 

_ AB 1s8 Inches, which multiplied toge- 
ther procuce 72 Square Inches, which is 
the half of 144, and ſo was the- new 
Fration, and theic Proportion thug : 

As the Square of the Numerators 6, 

To the Square of the Denominators 12, 
So will the Square of the Fradtion 72, 
Be to the whole Square, or Integer, I44, 
or one whole Superficial Foor. 


Again, the three Numbers you were 6, 12, and 72. and as6 is the half of 12, ſo is 
72 the half of 144; and contequently, 72 multiplied by 12, produceth 864, which di- 
vided by 6, the Quotient will be 144: So likewiſe in all the four Numbers, the Square 


of the two Means, viz. 12 and 72, will be 864, and fo the two Extremes 1 44 and 6 


/ 6 9 To 11 12 
x2 342 {6B O B 


fr = 5aedawu gy .w bp. 


make 864 alſo. 


In 


Parti. Natural, or Vulgar, ARITHMETICK. 


39 


In the ſame manner + multiplied by ; makes 7; and fo half the Line AB 6 Inches 
multiplied by half the Line A C 6 Inches, the Product will be 36 Inches; which is but 
z part of a Foor, which contains 144 Square Inches. _ 

And in the fame manner and Proportion, ;3 of A B multiplied by ;+ of AC, will 

oduce 4z 3 and ſo the Lirrle Square made of the Fraction repreſenting one lnch, is 
but 144 part of a Square Foot, which 1s the Integer. 


Il. Of Frattions of Frattions. 


Admit that © of 4 were to be multiplied by z of £: Firſt reduce them, and you ſhall * 


find £ of } to be 3, or ;; and ; of 5 to be 22, or *; which multiplied by 4 makes -+, the 
true Produtt of the given Fratitions; which being reduced is thus demonſtrated : + part of 
BA is 4 Inches, and ; part of BD is 3 Inches, which multiplied together, produce 
12 Square Inches, which is but .7 part of a Foot, or of the whole Square A D. 


Il. Of Afizt, or Improper Frattions. 


If it be required to multiply 2 7 by 1 3: Firft reduce them to Improper Fradtions, and 
and they wil be 4 and x, which being multiplied together produce {3, or Four In- 
tegers. And here you are to rote, that theſe laſt Produdts, if ſeveral Denominations, 
are but Fraitions in reſpect of the Square made of the whole Integer, which is the Deno- 


minator tO it, as ;3, or 3: SO AB ©; Inches multiplied by 3 ot A C a Foot, viz. AG8 * 


Inches, the Product will be 96, or 554, which reduced into the lealt terms is 3, as in 
the former Demonſtration repreſeated by the Parallelogram ABEG. 


SVIL DIFVISTON of Fraftions. 


Djviſan, or to divide one Fraction by another, is but the croſs multiplication of 
them ; that is, the amerator of the one by the Denominator of the other ; and hereby 
the proportion of one Fraction to another is ſeen. ; 

Example 1. Divide + by x: To doe this, ſet them as in the Mar- 
gin, and multiply as the Croſs leads; ſaying, 3 times 8 is 24, which 24 
ſet over the Croſs, for a new Numcrator ; and 6 times 4 is alſo 24, 3\/6 
which ſet under the Croſs for a new Denominator ; {o the Quotient -» 
is 22, that is 1; which ſbews the Frattions to be equal one to ano- 24 
ther. 

Example 2. Divide 5 by 3: Firſt ſet them as you ſce in the Mar- 27 
gin; and ſay, 3 times 9 is 27, for a new Numerator; and 5 times 4 2 4 
is 20, for the new Denominator; ſo the Quotient 1s 32, and ſo many XS 
times is ; contained 1n }, that is, as 27 is to 20, ſois4to 5; and {fo 20 
is 22to 1, | 

In Diviſion it 1s to he remembred, that the Numerator of the Quorient ever ariſeth 
of the Numerator of the Dividend , and the Denominator of the Ouorient comes of the 
Denominator of the Dividend, each being croſs multiplied, as before : And remember 
always to ſet the Dividend on the left hand of the Croſs 

If a Fraftion be to be divided by a whole Number, multiply 


the Denominator by that Number, the ProduCt gives the new Deno- [ 
minator, and the Namerator remains the ſame. So if 4 be to be di- 1 | 
vided by 9, ſay, 9 times 4 is 36; fo the Quotient is x5. 4 3 
Or, If 5 were to be mulciplied by 9, the Product ( by multiply- 36 
ing the Numerator by 9, ) will be 3, that is, 2 4. 
' Example 3. Divice 42 by 25, thus: ſay, 320 times 9 is 2889, for . 2880 


a Namerator; and 8 times 45 Is 360, for a Denominator;, ſo the 329 45 
Quotient is 23x22» or 4. | £ a hou 
For 43? is equal to 4o, and 5; is equal to 5, but 4o contains 5 360 
eight times. | 
And ſo in the ſecond Example it may be proved, that as 27 to 20, fois 4 to 3: For 
firſt, multiply the two middle numbers together, then 20 times 4 is ©2, that is 12. 
Secondly, multiply the firſt and Jaſt, and then 25 times £ is *z*, -that is alſo 12. 
Wherefore by what hath been ſaid in the Golden Rule, the four numbers 25, 20, 4, 5, 


are proportional. 


$ VIE. Dius/ion 
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6 VII. Diviſion of Fraftions demonſtrated. 


In Fraions divided the Quorient will be greater than the Terms given 3 and the Dj- 
viſor propounded may be greater or leſs than the Dividend, as will appear, they being 
in this Proportion : | 

| s the Diviſor of any Fradion 
: Is in ing to the Dividend, 
So will one Integer, Or an Vnte, 
Be in proportion to the Quotient. 
Let ABCD be a Square containing on every 
Ar 2 324 + EB ſide Six Foot, and conſequently the whole 
T| apo Square 36 ſquare Feet. 
— Now admit that + part of AB were to be. 
2 divided by % part of AC, which being divided 
one by the other, the new Numerator will be 6, 
g and the new Denominator 6 alſo; and the new 
- Fraftion will be 5, or one Integer; the Square of 


y A ' one ſide being 12 Inches, will be contained in 12 

WE: WIT Inches once: So; 1s in 5, and } in 2 three times, 
SE MN zl BY demonſtrated by the fi-ſ# and ſecond little Squares : 
mom 5 And jof AB divided by of AC, will be like- 
0 wiſe 3, or one Unite, viz. ECbyEF: For if 
OE Wy 4 D The Lines A Band AC were equally divided in- 


to three parts, one of thoſe parts muſt be 2 

Foot, or 24 Inches; ſo 2 will be contained in 2 once, or 24 in 24 alſo once: and ſo 
* divided by 5 will be 3, or One: *And conſequently in all Frattons, ( as in JIntegers, ) 
when the Djv/or is equal to the Dividend, whether the Fration be in Nambers, Lines, 
or Geometrical Figures, the Quotient is always an Unite. 

' In this Figure AB is a Fathom, or 6 Foot, which multiplied by AC 6, produceth 
the whole Square AD 36 ſquare Feet. 

Now in the firſt Example the half of it was-to be divided by a fourth part of 
the ſame Square, 18 Feet by 9 Feet; the Quoriene mult be 2 Feet, that is, 2 of thoſe 
little Squares; and this is according to the proportion ſtated, viz. 


As the Divi/or 9, is to the Dividend 18, 
So is 1, unto 2. | 


Or, in the ſecond Example, 
- AS 18 1s to 9 
SO'IS I 10}. 


SVIE REDUCTION of Fradtions. bk ; 


Reduftion of Frattions is threefold. 

I. To reduce one Fraftion (which is not already in the leaſt) to uts leaſt Terms or Deno- 
#nlnation. / 

2. To reduce many Frattions of divers Denominations, to one Denomination, 

3: Toreauce any Fraftion from one Denomination (as near as may be) to any other De- 
nomination deſired. 

I. For the firſt of theſe, To reduce a Fraftion to its leaft Terms, Divide both the 
Numerator and the Denominator by the greateſt Common Diviſor that you can think of, 
the two Quotients being placed reſpeCtively in a Fraction, that Fraction ſhall be equal 
to the former Fraction, and in [eſſer terms. ; 

So ( in the third Example of Djviſion) to recuce 2435 to 45, divide 1880 by 360, the 
Quotient 1s 8 ;, then divide 360 by 360, the Qvorienr is 1; and the new Fradtion © is 
equal to the former Fraction -7zz, and in leſs terms, as you may ſee: But to find the 

1:2 greateſt Common Diviſor, this is the RULE: 

Divide the greater term by the leſſer, [ I mean by terms, the Numerator and Deno- 
wninator, | and by the Remainder (if any be) divide the Diviſor ; and if any thing ſtill 
remains, by that divide the laſt Diviſor z, continuing this courſe till nothing remain greater 
than Unity, ard ther Diviſor which 3s laſt of all, is the greareſs Common Meature of 

; | boih 
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both terms, by which both being divided, and the Quotient placed lire a Fraftion, that 
Frattion. ſhall be equal 10 the former Fraction, and in the leaſt terms. 

Example. Reduce *{; to -the leaſt rerms ; firſt divid2 145 by 16, the Qnotient is 9, 
and 4 remains; again, divide 16 by 4, the Quotient is 4, and nothing remains z where- 
fore taking, 4, ( the laſt Diviſor, ) for the greateſt common Diviſor, by ir divide 148, 
the Quotient is 37 and by it alſo divide 16, the Qnotient is 4 ; theie two Jaſt Quo- 
tients placed orderly in a Fraction make *;, which is equal to *{x+, and in the leaſt 
terms; for no number greater than 1, will divide evenly both 37 and 4. 

Other ways there are of lellening Fractions, as dividing the terms ( if they be even 
numbers) by 2, and the Quotients (if even again by 2, or elſe by 3, or any other 
number that will divide them both evenly, that is, leave nothing remaining ; but the 
former Rule being general and caſie, ſhall ſerve for all. 

IL. Now ſecondly, To reduce many Denominations ro ove common Denominator : For 
the cffeting whereof this is the RULE: 

Multiply. all the Denominators together, and the laſt Produa ſhall be the Common Denomi- 
nator to all the Frattions ;, then multiply every particular Numerator into all the Denomina- 
tors except his own, and the laſi Produtt ſhall be Numerator to that Fratzon, 

Example. To reduce the Fractions 3, }, 7, 3, 53» into one Denomination; ſay, 2 times 
4 is 8, and 8 times 5 is 4o, and 400 times 8 is 320, and 320 times 10 is 3200; this 
laſt Product 3200 ſhall be the common Denominator : then to get Numerators for eve- 
ry one of them, as firſt, for the firſt, ſay, once 4 is 4, and 4 times 5 is 20, and 20 
times 8 is 160, and 160 times 10 is 1600, for the firſt Numerator ; ſo the firlt Fraftion 
reduced is 35;5: then for the ſecond Numerator, ſay, 3 times 2 is 6, and 6 times 5 is 
30, and 30 times $ is 240, and 240 times 10 is 2490; fo the ſecond Frattion reduced 

25 60 


is 2222 : after the ſame manner may the other three be reduced to $552, for the third ; 
2820 for the fourth; and 3;;3:, for the laſt : theſe are ſeverally. equal to the other ; 


the firlt to the firſt, &c. as may be proved thus ; Let the Unity be a pound Sterling, 
then, | 


OE 

the 7 of it itSw——10—0 

and 4 is — I F—O 

and 7 Is ————16—O 
and 7 Is I7—6 . 

and +2 is 18—0 

In all-—756—6 


That is 3 whole Unites, and 16s. 64. over: turn 16s. 64. all to ſix-pences, it is 
334 _ becauſe 6 4. is the fortieth part of a Pound, therefore all the FraCtions are 
equa [O 3 ;.* 

Now the new Frattions ( which being of one Denomination ) may be added like 
whole Numbers thus : 

1600 
2400 
2560 
2800 
2880 


12240 


Which divided by the Denominator 3200, the Quotient is 3 251% ; now iFss redu- 
ced to the leaſt terms, as hath been ſhewed how it may, will be 43, ſo the ſumm of 
theſe alſo is 3 3; which is equal to the ſumm of the FraCtions given to be reduced, 
and therefore they are equal in ſymm, and might be thus proved equal ſeverally ; that 
. ls, the firſt propounded to the firſt reduced; divide the Numerator 1600 hy the Nu- 
merator 1, the Quotient is 1600; alſo divide the Denominator 3200, by the Denomi- 
nator 2, the Quotient is alſo 1600; and ſo may any of the reſt be proved equal by the 
equality of Quotients : Bur I leave it as plain enough already. 

III. Thirdly, Any Fraftion being given, to change the Denomination to any o:her more 
_—_— retaining ſiill (as near as may be) the ſame valuc: To doe which this is the 

Multiply the Numerator given, by the Denominator required, and divid: the ProduX 
by the Denominator given; the Quotient ſhall be the Numerator required. 


H Example. 


R mm po _ hs 
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Example. Let the FraQtion given be, of a Pound Sterling, what is that in the twen- 
tierh parts or ſhillings? Multiply 7 by 20, the Product is 149; which divided by 13, 
the Quotient is 10 /;, that is 105. and 3; of a Shilling ; which may be brought to 
Pence thus : multiply 10 by 12, the Produtt is 120; which divided by 13, the Quotient 
is 9 ;2 4. and again, multiply 3 by 4, the Produtt is 12; which divide by 13, the Quo- 
tient is {2 of a Farthing ; ſo ſeven thirteenths of a Pound is 105. 94. and altuolt a 
Farthing- | | 

But be who is reſolved to have it in the ſmalleſt coin, may doe it at the firſt work; 
for ſeeing a Farthing is the 96oth part of a Pound, multiply 7 by 950, they produce 
6720; which divided by 13, the Quotient is 516 Farthings, and x; of a Farthing ; 
theſe Farthings may be turned to Shillings, dividing by 43, or to Pence by 4, as in 


Reduttion, ; : 
This brief and plain Rule is of great uſe in Arithmerick,, either for turning natural 


and ſurd FraCtions into Decimals, or any other delired Denomination, with ſuch facility 
and ſpeed as may be wiſhed. 
Frattions of Frattions. E 


In Reduttion of Fractions, ſome make another, or more parts, as Frattions of 
Fratftions tor one ; that is, when there is a part of a #ratzion, or a part of a part 
of a Fraction, Cc. to be valued in one Frattzon; for the doing of which obſerve this 
RULE: | 

Auutiply all the Numerators together, the laſt ProduCt ſhall be the Numerator deſired; 
then multiply all the Denominators , and this laſt Product ſhall be che Denominator 
ſought. 

Example, Let the Fraftions of Frattions propounded be 7 of } of }, for ſo they are 
uſually written, and let the Numerators be multiplied, ſaying, 4 times 3 is 12, and 12 
times 1 is 12, the Numerator therefore required is 12 ; then for the Denominaror, ſay, 
5 times 4 is 20, and 20 times 2 Is 40, the Denominator required; and 3z is equal to 
*0of : of 5. 

The Proof. 
Let the Unite be 40s. one fifth of 40 is 8, and therefore 4 is 32, of which one fourth 


is $; and 4 is 24, of which one half is 12; and therefore 32 is the juſt ſamm of all the 
Fractions. This needs no farther exemplitying. 


Q IX. The Reaſon of the Reducing of Fraftions from one Denomination to axo- 


ther, as alſo of Reducing them to the leaſt Terms, demonſtrated. 


The Reaſon of ran/lating or reducing of Frattions from one Denomination to another de- 
pends upon this Theorem : | 


If two Numbers multiplying any Number, produce other Numbers ; the Num- 
bers produced of them ſhall be in the ſame Proportion that the Numbers mul- 


tiplied are. Eucl. EL Lib. 7. Theor. 16. 


For the applying of this Theorem to the matter in 

hand take theſe two Fra&jons 4 and 3, as in this Fi- 
gure. 
And firſt, 1 ſingle our 2, and mvltiply them by 4 
(the Denominator of the other Fraction, ) they be- 
come 3? for 4 times 2 is 8, and 4 times 3 is 12, as 
may be ſeen in the Margin, 


cation of the Numerators of the two Frafiens 2 and 3, 
— by a third Number, viz. [47] hath altered no Prc- 
portion ; for the Produtts have the ſame Proportion one 
to the other, as the Numerators 2 and 3 have, by 
which they were multiplied; that is to ſay, 
AsS2 1st0 3, fois 8 to 12. 


Again, 


And (by the Theorem ) I fay, that this Afelripli- 
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' Again, For the other Frattion 4, I multiply theſe 
two (viz. 3 and 4, the Numerator and Denominetar 
of the Fra#ion taken, ) by a third Number, namely, 
by 3, (the Denominator of the other Frattion, ) and 
the Produits are 9 and 12, or ;2; as in this Figure. 
And this Multiplication hath not altered any Propor- 
1502, by the former reaſon : For, 
As 3isto4, ſoisg to 12, 

And by this means I have two New Frattoins ;; and 55, which are the ſame in effect 
( or value) with the two given Fractions x and 4; and whereas they were before of 
different Denominations, they are now of the ſame Denomination. 

And this is the true Ground and Reaſon of Reducing ar Tranſlating of Frafigns from 
one Denomination to another, and from divers and differens Denommations ta one and 
the ſame Denomination. 


The way of Reducing of Fractions to their Leaſt Terms demonſtrated. 


| For the Demonſtration hereof it will be neceſſary to conſider ſome few Definitions and 
Theorems of Euclide, ſuch as theſe following : 


I. 4 Prime Number 7s that which cax only be meaſured by Unity. 


That is to ſay, 2, 5, 7, 1, 13, Cc. are Prime Nymbers, becauſe neither of them 
- can be divided into equal parts by any thing leſs than an Ve. , 


RE NDOT 


TM. Numbers Prime one to the other, are ſuch as Unity only doth meaſure, ay 
Unite Zeig their Common Meaſure. 


And ſuch Numbers are theſe, [9] and [14 ; ] for theſe two Numbers cannot be 


2 divided into lefler than Vnite parts, fo as that which meaſureth one may meaſure the 
E other. 

bp E) > 3 Lo 3 _ 

j OM M- *-. ob 6» 2 9 

b, 

: For though 3 will meaſure 9, that is, it may be found three times in 9, yet it will 
E not meaſure 14 ; for after it hath.been found as often as it can in 14, ( that is, four 
- times, ) yet there will be two Urires lefr. | 

F Again, although 2 will meaſure 14, that is, it will be found juſt 7 times in 14; yet 
b it will-not be found any certain number of times in 9, -but there will þc an odd Unite 
I remaining. | 

: Ill. 4 Compoſed Number 7is that which ſome certain Number doth mea: 
; ſure : 

E 

F So [15] is a Compoſed Number of 3 and 5, becauſe 3.multiplied. by 5.maketh-{  5.] 
- So is [ 20] a Compoſed Number of 4 and 5, becauſe 4 multiplied by 5 produceth [20.] 

| IV. . Numbers compoled .ane.to the .other, .are ſuch -as -fome one Number, 


being a Common Meaſure to them both, doth meafure. 


And-thus -are-[-8] and -[: 1-2] - Compoſed Numbers one to another ; becaiſe there is a 

: certain Number, viz. [4] which being repeated, or added to it fclf a certain num- 
'W ber of times, compoſes both the one. and the ocher of -theſe. Nambers ;,, for [4Þ beigg, twice 
. repeated (or added) produceth the Compoſed Nurber [8,] and being .thrice repeated 
it produceth the other Compoſed Number (12; ] ,and-this 4 is. called ;the Common 


$ "Meaſure. | 4 
; Thus : Two Compoſed Numbers ——+————— $8 and 12 - 
: Diviſors of theſe two ——— eve 3 
: TITER LA] 
- "Their Common Meaſure - cm 
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Again : Three Compoſed Numbers—— 6 and 8 and 1» 
Diviſors of theſe Three —z 4 6 
( Ig *- | 

Their Common Meaſure ——— —— 2 


SX. ADDITION of Fraftions. 


To add many FraQtions into one ſumm, conſider whether they be all of one Peno- 
mination or divers; if one, then add all the Numerarors together into one ſumm, that 
ſumm is the new Numerator ; and the Denominator in this caſe is not altered. 


Example. Let the Fractions to be added be 2, 2, 5, 3: Add rhe Numerators together, | 


ſaying, 2 and 4 is 6, and 5 iS11, and 1 is 12: So the ſumm of them all is *;, that is, 
3 Unares. - 

As, let the Unite be 205. whereof one fourth is 5 s. then 75 is 10s. and 5 is 205. 
which added to 105. is 32s. then, f is 25 5, which added to 30-5. gives 55 5. and laſt- 
ly, & is 5s. which added to 55 s. makes 60 5. that 1s, 3 times 20s. which 1s 3 4. or 

Unites. | | 
? | But if the FraCtions to be added be of divers Denominations ; as, 

3202 let them be 2}, }, 3, x, then (by the Reduaion afore-going ) they 
362 mult be turned all into Denomination, and then they will be 3;;, 
384 372, 2x2, and ?y;, and may be added like thoſe before, as in the 
422 Margin: So the ſumm of all is *{z2, or }3;-, that is 3.7:; which if 
In all 1484 it be Money, and the Unite i /. it is then 34. 15. 104. as may be 
; tried thus: 7 of a Pound is 13 5, and 4d. and } is 15 xs. and { is 165. 

and x is 17 -. 64. theſe all added together, make 3 /i. 15, 10 d. 


SXI SUBTRACTION of FraQtions. 


In S»b!raRjon of one Fraftion from another, if they be both of one Denomination, 
it is done by taking the Numerator of one, from the Numerator of the other, the Re- 
mainder is the new \Vumerator, and the Denomimaror the ſame as before. 

So if 3 be ſubtracted from 5, the Remainder is 5 ; the like of all other. 

But if they be not ol one Denomination, they mult firſt be reduced to be ſo; thin 
that which is ſaid before is ſufficient. | 


$ XII Addition and Subtradtion of Frattions demonſtrated. 


- I, Of Aadaition. 


Admit the Line AD to be one Foot in length, divided into three equal parts, as 
AB, BC, CD; then is AB; of a Foot, or 4 Inches, AC - parts, or 8 Inches of the 
whole length A D 12 Inches. 
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Now, if AB were added to AC, that is ; to }, their ſumm would be 4, or one [n- 
teger, as AD; for CD is equal to A B, which was added to AC. 
Again, The LineEl is a Foot divided into Four equal parts, viz. EF, FG, GH, 
H 1; every equal part containing 3 Inches; then will E F he 4 of a Foot, or 3 Inches ; 
which added to E G 5, or 6 Inches, the ſumm is 2, or 9 Inches, equal to E H; for 
GH is bunt 3 Inches, equall to E F, which was added to E G. 


In like manner, If E F x were addedto EH2, the ſumm will be *, equal to tl.e 
Integer E I. &, | 
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Pur if Frations have ſeveral Denominations, they mult be reduced to one Denc- 
mination before they can be added : As, if AB; of a Foot, were to be added to E F 3 
of a Foot, they muſt be firſt reduced, and then they will be ;* and ;}, which added to- 
gether make 77 of a Foot, or 7 Inches; for the Integer divided into 12 equal parts, 
( according to the Denominator of the Fraction, ) 7 of thoſe parts mult be taken for 
the ſumm of the two Fractions: As, admit KL equal to AD, or EI, were divided 
into 12 equal parts, or Inches, and the Line MO equal to KL; then take AB 4 
Inches, and E F 3 Inches, they will extend to 7 Inches in the Line K L., repreſented in 
MN, being ,; of MO. And what 1s here ſaid of Proper Frattions, the lik: is to be 
underſtood of all other Frations, whether improper or mixes Numbers. 


I. Of Subtra®:on. 


In the former Figure admit the Line A D to be a Foot, divided into z equal parts, 
from whence 5 part, as AB, is to be ſubtracted ; the Integer is }, from whence take 
+, the Remainder will be z, that is, BD or AC, and is the lame in Number; for AB 
inches, ſubtracted from A D 12 Inches, the Remainder is 8 Inches, equal toAC or 
BD. Again, the Line EI is a Foor, divided into four equal parts, as EF, FG, GH, 
and HI; then is EF equal to 4 of the whole Line EI, and E F ſubtrafted from E H 3, 
or. 9 Inches, the Remairder will be EG ;, or 5 of a Foot, or 6 Inches: And fo, if 
EF were to be ſubtre&:d from E I a Foot, that is | from j, the Remainder will be 3 
or E H. : | 

Thus when Fractions are of the ſame Denomtnation, but if they be of different D& 
nominations, they muſt be rednced into one Denomination, and then ſubtraCtt one Nu- 
merator from the other, as before. 

For illuſtration hereof, MO is a Line of a Foot long, divided into two unequal parts 
in N; the part MN containing 7 Inches, or -; of a Foot, from which AB 5 of a Foor, 
or 4 inches is to be ſubrrafted z theſe Fractions reduced will be 3z and zz ; then ſub- 
tract 12 from 21, and there will remain yz, or ( 1n its leaſt terms) to;: Soif AB 4 
Inches be ſubtracted from MN 7 Inches, the Remainder will be EF, equal to { of a 
Foot, or 3 Inches. 
| In like manncr MN ,7 ſubtrafted from the Integer {5, the Remainder will be £5, 
equal to N O. | 

By what hath been here ſaid, it is apparent that Addiion and Subtra&ion of Froajions 


_ do prove each other. 


$ XII. 7o work The GOLDEN RULE in Fractions. 


The Golden Rule in Frattians is the fame as in whole Numbers, I will give you but 

one .1n{tance. EG 
If \ of a yard ef Tape coſt 7; of a peny, what ſhall one Inch, that is, ;* of a yard coſt ? 

Multiply the ſecond , Frattion by the third, the Produft is ,5; which divided by 2, 
the Quotient is ;;7 of a penny, for the price of 5 of a yard. | 

Otherwiſe, ſceing 4 of a yard way be turned to 27 Inches, ſay, if 27 coſt % what 1? 
Divide ; by 27, it makes ,; for the anſwer; which is equal to ;;8, and it the leaſt 
Lerils, +5 

And: whereſoever this may be done, to have the firlt and third Numbers of FraCtions 
of one Denomination, the beſt way is to work with their Numerators, not regarding 
tht: Denominators 2t all: As, /f 4 co }, what 7 lnſtead thereof write, If 2 coft 2, 
what 7? Muluply 4 by 7, it produceth *5 ; which diyided by 2, the Quotient is 24 ; 


_ and that is the anſwer in the leaſt-rerins. 


And all this while it ſhould have been noted that the Frations are ever written in 
a finailer ſigure than the whole Numbers. | 


CHAP. 
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| CG i1.A P_. XML | 
of The RULE of FELLOWSHIP, | 


Definition. JPHis Rule is uſefull for Merchants, and all ſuch as trade in Compares, 
T with joint-ſtocks, and muſt ſhare a proportional part of the Gains, or 
Loſs, every one according to his ſtock which he laid in. es 
The Rule is two-fold, with equal rime, or with unequal time ; that which is with equal 
rime is commonly called The Rule of Fellowſhip without time ;, of this we will firlt ſpeak, 
and for the working of it this is the RV LE- ; i 
As the whole joint-ſtock, is to all the Gain, or Loſs, fo 3s each man's particular Stock, to 
bis part of the Gain, or Loſs. ; : 39 
Example 1. Two Purchaſers A. and B. purchaſe 700 li. Land a-year for ever, (when | 
Money is at $ per Cent. ) for 14000 li. of which A. wi 8000 li. and B. $000 li. after 5 | 
years ( Money being fallen to'6 per Cent.) they fell ir for 18700li. ſo there is gained | 
4700 li. how much muſt each have ? 


q 2 00500 


Firſt for 4. Say, if 14000 gain 4700, what 8000 ? Anſwer 2685 15352. 
Then for B. Say, if 14000 gain 4700, what 6000 ? Anſwer 2014 7:3. As by the 
following operation doth appear. 
| I. For FA. IT. For B. 
bi. h. hi. hb. 66. ti. 
If 14000 gain 4700 what Booo? If 14000 gain 4700 what 6000? 
| 8 6 : 
14000)37600000(26854; 14000)28200000(201 4;4 


— 


28000 | 28000 
96000 20000 
84000 1 4000 
120000 Do” 60000 


Il12000 56000 
80000 | 4 0 © O Remainder 


70000 
I 0000 Remainder - 


Here note, That this work might have been much abbreviated, if from each of the 
three numbers you had cut off two Ciphers towards the right hand, as hath'been for- 
merly ſhewed. | ; F | 

Now for the proof hereof, if you add the ſumm which A. gained-—-268g 12232, or 22, 
To the ſumm which B. gained — Eu — -=2014 772225507 7+. 
The ſumm of them is ——-—— — —— 47000, 
Which is equal to the total gain. 

And according to the proportion of theſe two Numbers, that is, as 8 to 6, ory to3; 
ſo they ought 'to have parted the yearly Rent alſo, all the time they received It ;' that 
is, 4. ought to have 4o0o'ls. and B. 3coh;. yearly. y 

Example 2. A. B. and C. join (their Moneys 10 make a Stock, of 25000 li. of whith A. 
laid in 10000 li. B. 8000 li. 'and C. pht im yoooli. with 'this (after a certain time in 
| reading) they gained 7500 li. bow muſt this be parted ? Ear} 

Firſt for A. Say, if 250Go gain 7500, what 1cooo ? 

Or ſhorter, if 25 get 7 &, what 10? ; 

Multiply 7; by 10, it produceth 75; which divided by 25 , the Quotient is $9: 
that is, (reſtoring the three Ciphers, ) 3oco /;. for A. ; 

Then for B. Say, if 2500 gain 7500, what 8-00 ? 

Or ſhorter, if 250 get 75, what $0 ? 

Multiply and divide as the Golden Rule requires, to the Quotient reſtore the two 

: | Ciphers, then it will be 240045. for B. 
. Laſtly for C. Say, if 250 gain 75, what 70? Anſwer, 21; to which put the two 
Ciphers, it makes 2100 645. for C. 

And theſe three 3000, 2400, and 2100, becing added together, make 7500 ; and 

haye that proportion as the particular Stocks had, and therefore the Work is right. 


I. For 
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And if inſtead of gaining 7520 /i. whereby every one is ſuppoſed to have his Stock, 
and a part of the Gains, they had loſt 75co4i. then their particular Srocks had not 
been due to them, but ſo much as would be left after their proportional parts of the 
loſs. were abated. | DIE 

Example 3. A. B. ard C. with a joint Stock, of 25000]. gain 7500; of which A. gers 
3000, B. 2409, C2100; what was their Stock ? 

This is but the Converſe of the former ; therefore ſay, if 7500 require 25000, what 
doth 3000 require? 10000 for A; and ſo work for the other two. 

Many Examples are of little uſe ( except to load the Reader's memory) where the 
Rule is ſo ſhort and plain; I will therefore add no more to this part of the Rule, but 


immediately come to the Rnle of Fellowſhip with Time. 


CH ann 
Of The RULE of FELLOWSHIP 
with T ims, 


Definition, His Rule is to be uſed when the times of the continuance of the parti- 
cular Stocks are unequal, and differ; ſo that here the difference of 


Time, and alſo the difference of Stock being both to be conlidered, it can be done 


no better way than by taking the Power of them both to be the particular Stock ; and 


all thoſe Powers added, to be the whole Stock; ( that which 1 call the Power, is the 
ProduCt of the Money of every one multiplied by its time, ) and then, this is the 


KULE: 
As the ſumm of thoſe Produfts is to the whole gain, ſo is each particular Produft to its 


h part of the gain. | 

Queſtion 1. Three Merchants A. B, C. makg a Stock, of 10000 li. of which A. lays in 
40011. for 3 Months, B. 3ooo li. for 6 Months, and C. 3000 li. for 8 Months; with this 
they gain 2000 li. what is each Man's ſhare? 

Firſt, for 4. Multiply 40co by 3, it makes 12000 ; let that be accounted his par- 
ticular Stock. 

Secondly, for B. Mu'tiply 3000 by 6, it makes 18000; his particular Stock. 

Laſtly, for C. Multiply 3009 by 8, it produceth 24000 ; for his Stock : add theſe, 
they make 54000 {z. for the general Stock : Then ſay, 

I. For A. If 54000 give 2000, what 1200? Anſwer 444 37522, or 2. 

Il. For B. It 54000 give 2000, what 18000? Anſwer, 666 }*5;3?, or £. 

II. For C. If 53000 give 20c0, what 24000 ? Anſwer 888 $322- or 2. 

1 he three Fractions may be reduced by dividing each Numerator and Denominator 
by 60co, and then the three ſhares will be 444 3, 666 5, 888 3; which all together 
make 2000, as they ought. Oe 

Queſtion 2. Three Farmers, A. B. and C. lay out 1000 li. ro ftock. their Grounds with 
Cartel, of which A. put in 200li. for 6 years, B. had 3ooli. going for 4 years, and 
C. 500 li. for 2 years; at the end ( by unſeaſonable times ) there was loſt 200 1i. which 
made the remainder of their Stock. but $00 li. what had each Man left ? 

Multiply 200 by 6, it gives 1200, likewiſe, 309 by 4, it gives 1200 ; laſtly, 500 
by 2, the Product is 1000; all theſe added together make 3400, for the joint-ſtock. 


Then 
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I. For A. II. For B. II. For C. 
If2 5 gain 7; what 10? If 25 0- gain 7 If 250 gain 75 what 50? 
O 7 © 
oa 75 250)6000(2400 250)5250(21090 
—— — OT —_— - has . - 
2 —_ 
if : 500 ' $500 
1000 250 
25)75(30r3000 1000 250. 
TY | | O00 
oO 0 


din. 
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2400 


Then firſt for A. Say. if 3400 loſe 2co, what 1200 ? Anſwer, 70 37, for A. to 
which B. is equal, becauſe the Power” of his Stock is ſo. 

Therefore tor C. Say, if 3400 loſe 200, what 1000 ? Anſwer, 58 333: So the three 
ſhares are 7035, 70 #5, and 58 3}, equal to 200. 

Now becauſe A. put in 200 {, and loſt 50 3;, ſubtraCt the Loſs from the Stock, and 
there remains 12957 | : 

And ſo doing for B. his remainder will be 229 35. 


And for C. his remainder is 441 ;4- | 

Now theſe three remainders, 129 57, 229 3?, and 141 ;5, make up 800 /;. which 
was the wholc remainder. | 

Queſtion 3. A. rents a Cloſe for a year, to pay 80li. he puts into ut 200 Sheep; two 
Months after, B. puts 40 Sheep in; and frve Months after that, C. puts in 100 Sheep ;, how 


much muſt every one pay of the Rent ? 


Multiply 200 by 12, it produceth —— 2400 + 
And 40 by 10, produceth | | - — 400 
Laſtly 100 by 5, (which is Os time, ) produceth —————— 500 

| In all 3300 


a 


Then for A. Say, if 3300 pay So, what 2400? Anſwer, 58 3535, or x5. 

Then for B. Say, if 3300 pay 80, what 400 ? Anſwer, 9 5?2:, or 44. 

And for C. Say, if 3300 pay 80, what 500? Anſwer 9 3332. * 

The whole numbers make 76, and the broken numbers make 4 ; in all 80. 

Note, Whereas hitherto we have conſidered only difference of :#me, and money, it 
may. be noted, that there may be difference of other kinds, as perſons or place; but 
whatſoever they are, the Power of all is found, like theſe, by Multiplication ; and are 
to be wrought like theſe, with ſo many uſes of the Golden Rule as the Queſtion re- 
quires. I will therefore add but one Queſtion more, which is this : 

Queſtion 4. One leaves a Legacy of 90G li. among four Kinsfolk, A. B. C. D. /o as B. 
may have twice as much as A. arid C. thrice as much as B. and D. as much and half as 
much as C. What is every one to have? 

Say, If 4. be 1, B.is 2, C.6, and D.9; add theſe Numbers, 1, 2, 6, 9, together, 
they make 18; then ſay, If 18 require goo, what 1? Anſwer 50: So A. is to have 50 ls. 
B. 100i. C. 300hi. and D. 450 4. which are their juſt parts; and all together are 
equal to 9g0o/7;. and the work right. 


CHAP. XV. 
Of BARTER. 


To—m—_— I? barter is to exchange one Commodity for another, the nature where- 
: of will belt appear by the reſolving of ſome Queſtions. _ 
Queſtion 1. Two Merchants barter ;, One bath Sugar at 41i. the C. ready money, but in 
Barter he will have 4li. 13s. 4d. the other hath French Wine at 131i. the Hogſhead ready 
ay zi what price muſt he rate his Wine to equalize the others advance of bis Sugar in 
arter : 


Say, by the Rule of Three direct, If 44. in Barter require 13 s. 4d. ad | 
thall 13 {j. in Barter require ? _ 3 5. 44. advance, what 


b. &--& li. 
If 4 - 


30 4)2080(520 12)520(4/3% 


Kavi DEB # PR Ae 7 © 
I60 20 4 8 

I 3 o8 4 © 
480 8 36 
160 | OO 4 4d. 
2080 Anſwer 24.” 35. 4d. 


Queſtion 
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Queſtion 2. 1wo0 Barter ; one hath 3 + GC. of Ginger at 13 5 d. per Pound, the other hath 
Sugar at 15 = d. per Pound; How much Sugar muſt be delivered for the 3.5 C. of Ginger. 
Firſt, By the Rule of Three find what 3; C. of Ginger comes to at 13 3 d, per 
Pound ; which will be found to be 224. 15. For, If 1 4s. colt 13 14. what 3 iC. coſt ? 
Anſwer, 22 65,15. | | 
Secondly, Say, If 15 44. buy 1 1b. of Sugar, what ſhall 22 /5. 1 5. buy? 
Anſwer, 341 32 1b. ; | 
Queſtion 3. Two Barter; One hath Tobacco at 144. per Pound, which he will barter 
for Sugar at 10d. per Pound, how much Tobacco muſt be given for $900 Ib. of Sugar ? 
Firſt, The 8900 lb. of Sugar at 104. per Pound, comes to 370 (i. 16 5. 8 d. | 
Then, If 14 4. buy 1 4b. of Tobacco, what number of Pounds will 370 {z. 16 s. 84. 
| buy ? Wo 
F APE. 6358 + lb. and ſo many Pounds of Tobacco at 14 4. mult be given for 8900 
; Pounds of Sugar at 10 4. : 
" Queſtion 4. Two Barter ; One hath broad Cloth at 15 s. the Tard, ready money; for 
which in Barter he will have 16's. 3d. the other hath Wovl at 2 5. 10d.. per Pound, ready 
money ;- what price muſt his Wool be ſect at in Barter to equalize the advance which the other 
puts upon bis Cloath ? | * : 
Say by the Rule of Three direCt, If 15 5. ready money require 1 -. 3 4. in Barter, 
what ſhall 2 5. 10d. ready money require? Anſwer, 24 3 4. 3- | 
So that he muſt rate his Wool at 24. 3 9. and ; of a Farthing per Pound. 


+ 


The next Rule in order to be treated of is concerning Intereſt, both ſimple and com, 
pond, but of that (art large) in Decimal Arithmerick,; and therefore I omir ir here. 


h —— RI 


| CHAP. XVI. 
Of The RULE of ALLIGATION. 


Definition. His Rule hath its name from binding, tying, or uniting many particulars 
in one Maſs or Summ; the nature of it will be underſtood in working 


ſome Queſtions, or Examples. 
Queſtion 1. A Corn-maſter would mix 4 ſorts of Grains together ; viz. Wheat at 4s. 


the Buſhcl, Wheat at 25. 3d. the Buſhel, Rie at 3's. the Buſhel, and Barley at 45. 6d. 
the Buſhel, (o as to make 15 Quarters in all, to be ſold at 3s. 6d. the Buſhel, How much 
muſt be takg of each ? 

Place them as in the Margin, ſo as the greater and leſler may 
ſtill be together, as 4 + with 2 5, and 4 with 3; and place the 


KO Le CIGTT I 


rice required by it ſelf rowards the left hand, as here you ſee 3 + ; +3 i 
then in a ſeparated Column, note the difference between the price 3! C - 4 2. 
.of a Buſhel of every particular Grain, and a Buſhel of that requi- © * 3 | 2 
red; as the difference betwixt 47 and 3 4 is 1, which muſt not 2x | 1 
be placed againſt 4 5, but againſt that number linked with 4 ©, that 25 


is, againſt 2 3; and ſo muſt all the differences be ordered, as is 
ealie to be ſcen in the Margin; then this is the KULE-: 

Multiply the whole Maſs to be made, by any particular difference, and divide the Produtt 
by the ſumm of all the differences, the Quotient (hall be the juſt quantity of thar particu- 
: lar kind, whoſe price ſtandeth againſt the difference you wrought with. 

4 Example. Firſt turn the Quarters into Buſhels; ſaying, 8 times 15 is x20: then for 
: the y_ of the firſt ſort at 4 *, multiply 120 by 5, the Produtt is 100; 'which di- 

vided by 25, the Quotient is 35 ;5 Buſhels of that ſort at 45s. 64. and working fo for 
every of the other, they will be found to be thus : 


At 45. 6d. m_— 3535 
AL & fo —— — IF TY . 
AT3 5 Gd L_ 21 57 Buſhels. ; © 
At 25. 84, on pum 42 55 | 

120 


1 Now 


50 
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Then ſecondly, multiply 38 75 by 45, It 6 ————————k ; LA 
And 21 5 by 3, it make —_————_ mmm 3 
And 42 ;5 by 24, ig ——————————_——— ————_— 


Inall————; 2 o 


And fo much all ſhould be worth in Shillings, and therefore the Queſtion is rightly 


reſolved. 
Queftion 2. One hath 6 ſorts of Fruits at ſeveral prices, Dates at 2$. Almonds at 
1s. 4d. Corins at 10d. Raiſins ar 5d. Prunes at 4d. nd Figs at 3d. the Pound ; 


rid wohld take of every ſort ſome, to make a mixed quantity of 30 1b. weight, #0 ſell one 


with another for 9d. the Pound, how much muſt he take of each ? 
' Having placed the Numbers, and their Differences, 


and the Summ of thoſe Differences, diſtintly as hath 
been ſhewed before, and may be ſeen in the Margin; the 
Work is evermore like that in the former Queſtion ; fo 
38 is the firſt number in the Golden Rule, 3o the ſecond, 
(which, that it may not be forgotten, may be ſet at the 
right ſide of the figure, ) and every particular difference, 
as 6, F 4, &c. is the third in the Rule, to be repeated 
till all the Differences have been employed. 

So 3o multiplied by 6, areduce 180; which divi- 
ded by 38, the Quotient is 4 xx of a Pound weight, and 
ſo much muſt be taken of Dares, at 244. | 

Secondly, 5 times 30 is 150, which divided by 38, the 

| Quotient is 3 x, for Almonds. 

And working after the ſame manner with 4, 1, 7, 15, their reſpetive quantities 
will be found to be theſe: : 


lh. 38th parts 


Dates —— —4z 28 
Almonds © 23S 
Corins——— 3, 6 


Prunes————5, 20 


Figgs mage 232 
In all 26,142 


That is, 26 *{3, ahd the reduftion of the Fraftion will make it 3o, as it onght to 
be; atd by comparing the prices of theſe particulars added, with the price of 30 /b. 
weight, a 94 per Pound weight, which makes 2704. this may be proved like the 
foxmex. .--- ; 

Bat that the Reader may be perfet in it, I will doe it here as followeth , ſaying, 


Denom. Numer. 


oy 334 Lines - Arti _ —_ ——Y} 67. 
- $i times "cp ORs ore Fry — 48 576 
E hone be ko oc 
i} * brody trot pe a _ 00 150 
3: þ (hh I, = by —o 0 


3 times 11 is 33, . 
2 + $0afee> 96, + 23S Hy LS T90 


| In all 227.1634 
Now this 1634 being the: ſumm of the Numerators of Frattions, whoſe common 


 Denominator is 38, muſt be divided by 38, and the Quotiont will be 43; which ad- 


ded to the whole number 227, the ſatum is 270; and ſo much is 30 multiplied by 9, 
which ſhews the work to be right. | 
The 
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The Combination or Linking of Numbers may be varied at pleaſure; as whereas 
above 24 was linked with 3, alſo 16 with 4, and 16 with 5 it might have been 24 
with 5, and 16 with 4, and 1o with 3; or 24 with 4, and 16 with 3, and 10 with 5; 
of which diverſity of linkings would follow diverſity of ſolutions, but all true, as the 
Reader may ealily prove by himſelf. 

Likewiſe, if the Numbers to be linked were 3, 5, 7, or any odd Numbers, one of 
them may be linked to two ſeverally, to make the work even. | 

Example 3. If the Numbers were 12, 10, 8, 6, and-4, and the mean, or common 
price required were 9; you might link them as you ſee here, taking 12 twice, or elſe 
you might take any other twice, as you ſhall like; and ſo the work will be every way 
right, though not the ſame, if the differences be rightly ſet off, and orderly uſed, as 
is taught before in the firſt Queſtion, 


i2| 5 

e243 

IO I 
((h 

8|1 

6 | 4 

41 4 


Queſtion 3. A Goldſmith would mix 3 ſorts of Silver, A,B,C; Aijs104. weicht better, 
B 7d. weight better, and C 4.9. weight better, to make an Ingor of 50 1b. weight, which 
ſhould be in fineneſs 8 d. weight better ; How much muſt be taken of each ? 
Ser them, their Differences, and the Summ of their Diffe- 
rences, as in the Margin. T hen, 


IO] 4 


2-9 


Secondly, 50 multiplied by 1, and divided by 9g, is— 2-5? (59 
Thirdly, 50 multiplied by 2, and divided by g, 1s—— *3* 
Fourthly, The ſame again, —— m— —— 7] 2 
The Summ, - —_— DO — 4 | 2 
Which is equal to 50, the quantity required. «- 
Now the Firſt FraC&tion 2;*, multiplied by ro (omitting the Denominator 9) is—2 o © © 
The Second alſo by 10, is - — ——— $590 
The third by 7, is — — --,700 
'The Fourth by 4, is - mmm mmm mn Snntns nts nn rerrnnnen mm 4. OO 
'The Summ 3600 


That is, 3*;*, which is equal to 400; and if the whole Ingot 50, be multiplied by 
the betterneſs required, namely by 8, they ſhall produce 4oo alſo : So this is proved. 
Note. In every Alligation, or linking of two Numbers, this is evident, Thar if rhe 


Summ of the Numbers linked, be greater than the mean Number required, taken ſo many 


Himes as there are Numbers to be linked, the Queſtion would be abſurd, and the reſolution 


thereof inpoſſible. And this ſhall ſerve for the Rule of Allizarion. 


C H AP. XVIL 
Of The RULE of FALSE POSITION. 


Dn Em ſerves to reſolve ſuch Queſtions as are not at the firſt propour- 
ding of them fit for the Golden Rule ; and therefore in ſtead of the 
True Number ſought for, you may ſuppoſe any Number, whether Greater or Leſſer than 
the True Number it mattereth not z and make tryall with that ſuppoſed Number, accor- 
ding to the tenour of the Queſtion, as if it were the True Number ; and if it anſwer 
the Queſtion without any Erroxr, you have hit upon the Right Number ; but if it err, 
| 2 YOu 
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you muſt gueſs again, and ſo by two Falſe Poſitions you may find ont the True Num 


ber delired. h 
This Rule is two-fold ; viz. Single and Double. | 
I. The Rule of Single Poſition is to be uſed when at once, viz. by One Falſe Poſuion 
you have means to diſcover the true reſolution of rhe Queſtion. 
II. The Rule of Double Poſition is when Two Falſe Poſuions are required for the reſol- 


ing of th teſtion. Ri 
"This Rs Sl beſt be underſtood by the reſolving of Qveſtions in both kinds. 


S1. In the Single Rule. 


For the reſolving of Queſtions in this of Single Poſition this is the RULE: 
Multiply the ſuppoſed Number by the Number given, and divide that ProduF by the 
reſult (or what ariſes) of the ſuppoſed Number, the Quotient ſhall be the true Number 
oupht for. 
4 Son 1. There was 132 li. to be divided among Four Perſons, A. B. C. D. to be 
paid in ſuch ſort that B. was to have twice as much as A. and C. as much as A. and B. 
2rd D. was to have five times as much as A. How much muſt each Perſon's Share 


be? 
Suppoſe A. to have 2 /;. then B. muſt have as much more, that 


| 6 Ie is, +1t. and C, muſt have as much as A. ard B. that is 6/;. and 
3 wt D. muſt have 5 times as much as A. that is, to /z. now all theſe 
D Xs added together make but 22 /i. which ſhould be 132 /z. whereby 
Yn you may ſee that you have not ſuppoſed right, for the Share 
22 that A. is to have: But from this S»ppoſirion you may find the 
- true Share of A. by the Golden Rule, thus : 

A. 12 | If 22 come of the Suppoſirion 2, what will 132 come of ? 
B. = 24 Multiply 132 by 2, the Produg will be 264, which divided 
C. —— 36 by 22, the Quotient will be 12 4. for A. then B. mult have 
D. 60 24, C. 36, and D. 60, all which added together do mike up 
132 132 /;. Equal to the whole Summ to be divided, as above-laid, 


and proves the Work to be rrwe. 

Queſtion 2. One delivered into the hands of a Truſtee, for a Child's Portion, a certain 
ſeemm of Money, to be paid to the Party at the expiration of Ten Years, with the 
Profit of the ſame ſumm at 61i. per Cent. ſimple Intereſt ;, and at the end of the 
Ten Years, the Parry received 450 li. What was the Sumin of Money that was pune 
into the Traſtee's hand ? 

Suppoſe the Samm put in were 150 {z. the Uſe of 15013. in 10 Years is 90 lj. which 

added to 15045. the ſumm is 240 45. bnt rhe Party received 450 i. therefore the S«p- 
poſrion was not right ; but from this falſe Syppoſition you may find the rrne Number by 


this following Analogy - 


AS 240 li. ( the ſuppoſed Summ, with the Intereſt thereof for i© Years, ) * 
Is to 150 li. (the ſuppoſed Summ, ) | 

SO Is 45918. (the Morey received, ) 
To 281/41. 5 5. (the Money delivered to the Truſtee, ) 


_ So that the Truſtee had 28115. 5. put into his hands, to be diſpoſed of accor- 
ding to the tenour of the ©Oucſtion. 


SIT. Is the Double Rule. 


The Rule of Double Poſition is, when Two Falſe Poſitions are required to ſolve the 
Queſtion propounded. : 


For the reſolving of Queſtions by the Rule of Double Poſri oa 
general RULES: / /irions, obſerve theſe two 


|. Suppoſe any Number, great, or ſmall, and make tryall of it, whether it reſolve the 


* Queſtion without any Errour ; if fo, it is the true Number fought ; if nor, it 4s either t09 


great, or 700 little ; if it be roo great, mark_ir with this Charafter +, Plus, or More ; 
of ae be t00 little, mark it thus —, Minus, or Leſs. Then ſuppoſe again, anotber Num- 


| ber, (ﬆt imports not wherber t be nearer or farther of than the other ſuppoſed Number 


was, ) and make tryall with this Number as you did nith the former ; ard if it be nar the 


true Number, ther (as before) it js either greater, or leflcr, and accordingly note it with 
-+ Plus, or — Mirus. þ 


Il. Mul- 


Partl. Natural, or Valgar, ARITHMETICK. 


— D— 


11. Multiply the firſt Poſition by the ſecond Errour, and the ſecond Poſition by the firſt 
Errour, «rd (if the Errours be bath 1-2 or both —, ) ſubtratt the leſſer from the greater, 
and keep the Remainder for a Dividend, and the Difference of the Errours, for the Divi- 
ſor, tbe Quotient of that Dzviſion 35 the true Number which anſwers the Queſtion. 
But if the Errours be one of them +, and the other —, the Summ of the Produtts muſt 
be the Dividend, and the Summ of the Errours the Diviſor ; accarding to this Diſtich : 
If Signs be both alike, Snbtraftion make z 
But if of different kinds, their Summ rhen take. 
Theſe two Rules ſhall be explained in the reſolving of ſome few Queſtions. 
Queſtion1, A Man is ro drive 48 Turkies 40 Miles; and for every Turkie that comes 
alive to the end of the Journey, he is ro have 3 Pence; and for every one that dies 
by the way be is to pay 6 Pence ; and at the end of the Journey, he received 6 Shillings, 


or 72 Pence; How many died by the way ? 


1. Suppoſe there died by the way 20; for them he : | 
was tO Pay 10s, or 1204, and for 23 which lived he i wh 4 Ons 


was to receive 844. ſo he paid more than he received 


36d. whereas he ſhould have got clear 72 4. the mm 
of theſe two is 108; wherefore the firſt Errour is too 


lictle by 108, which ſer at the top of a Croſs. 


2. Suppoſe there diced by the way 10; for thoſe he : \ 
was T0 pay 60d. and for the 38 which lived he was ro 
receive 114d. the difference is 54, which ſhould be N\ | 


72 ; ſo the ſecond Errour is 18 too little, which-ſer at 


the bottom of the Croſs, as in the Margin. | 
Then for the ſecond part of the Rule. | Sec. Po. See. Er. 
Multiply 20 the Firſt Poſirton, by 18 the Second Er- 1080 360 _ 


roar, and the Product will be 360, alſo, multiply 10 F 
the Second Poſirion, by 1cB the Firſt Errour, and thereof rom 1089 | Fromi98 
will come 1080, Subſt. 360 | Subſt. 1.8 
Now, becauſe the Signs were both alike, viz. both Deviderd 7 2 © | Djviſor 9 9 
— Minus, ſubtract 360 (the Product of the Firſt Po- 
ſition by the Second Erroxr, ) from 1080, ( the Product 99)72 ” ($ 
of the Second Poſition by the Firſt Errour, ) and the Re- 720 
mainder is 720 for a Diviaend; alſo, ſubtraCt 18 ( the 
Second Errour ) from 108 ( the Firſt Erronr, ) and the Remainder will be 90, for a 
Diviſor ; by which divide 420, and the Quortent will be 8; and fo many died by the 
way, and 40 came to the Journeys end alive : fo, 
For the 40 that came alive he received — EE 120d 
For the 8 that dicd by the way he paid — —————— —— ce 4 8 
Which was the number of Pence which he received, 7 COLTS 7.3 
Queſtion 2. Jf it were required to make up 2058. or a Pound Sterling, of Shillings and 
Groats only, and fo as the number of Groats may be to the number of Shillings, «s 7 
1 "_ many Shillings muft there be ? | Fs 
Firſt, Suppoſe the Shillings — — 4 | 
then the Gm mult be equal to 16 s, viz. 48 Firft Poſ. 4 T7 2 0 Firſt Err. 
but the Shillings raken 7 times are 28, "% 
to which 48 ſhould be equal, but is $+20 
Secondly, Suppoſe the Shillings — 2 
then the Groats (making 15 -.) are 54 
which ſhould be equal to 7 times 2, but is + 40 


Multiply 4 by 40, the Product is 160; then 
Multiply 2 by 20, the Produdt is 40 ; which nd. E. _» 4 © Ser. Err. 


taken from 160, reſts for the Dividend, —120 __- 160 
And the Difference of Errours for the 

Diviſor, is - I ESE 20 From 160| From 49 
Laſtly, 120 divided by 20, the Quotient is 6. Subſt — _40 | Sabft. SD 
The Number of Shillings therefore ts — 6 Dividend 1 2.0 | Diviſor 2 
And the. Number of Groats is — 42 | 
For as 7 is to 1,, ſo is 6 times 7, which is 20)120(6 

42, tO 6 times 1, which is 6. So the work 120 


1: done, and ſtands as in the Margin. 


Queſtion 


—_— Ar———— 


E—- 


HR 


Cursus MATHEMATICUS. Book I. 


Me FH | If there be 4 ſeveral weights, A. B. C.D. of which D. is 24 ounces, and C. 
ge? pref to my and wigh ſe A. and D. mich twice A. is double ro C. and quadruple to B. 
b doth every one of theſe weigh ? : 

«pon 4 nan Firſt, Suppoſe A. to be - - 8 
| : then D. with twice A. is 24, and 16, that 1s,—49 
Firſt Poſ. 8 = 4 Firſt Err. of which C. being the halt is 20, and B. 10. 
Now thrice 4. is 24, to which C,T _ 

ſhould be equal, bur is too little by— 
Secondly, Let A. be ſuppoſed 
then D. and twice A. 1s 32, and C.16. and B. 8. 
But thrice A. is 12. to which 16 ſhould > 


. Po. | — Sec. Err. be equal, but is too much 
ATT 1 < Then 8 multiplied by 4 gives 32, and 4 


4 
4 


16 32 by 4 produces 16 ; both theſe Produtts gives 
To del] To 4 48, for the Dividend; and the ſfomm of the 
Add 32 | Add 4 Errours ( becauſe the firſt SIgn is —, and the 
TT; Dm Tor 8 other +) gives 8 for the Diviſor, and the 
yV1denda 4 Quotient will be 6; to which A. is equal, 
$)48(6 and twice A. with D. is 36, of which C. being 
| kf half is 18, and B. 1s 9, and thrice A. is equal 
4 3 ro C. namely 18, and all right. As in the 

Margin. 


Whereas the firſt Error is equal here to the ſecond, it follows that the Poſitions 
were equally falſe; and therefore their Diference, which is 4, being parted into two 
equal parts, 2 and 2, if 2 be taken from 8, the remainder 1s the rrue Number 6; or if 
2 be added to 4, ( which was the ſecond Poſition, ) the ſumm will be alſo 6. 

And farther, when the Errours be one +-, and the other —, though they be not 
equal, yet then if the Difference between the Politions be parted into two parts, which 
are in proportion one to another as the two Errours are one to another reſpeQively ; 
then if the firſt part be taken from the firſt Poſition, if that be greater, or added to 
it, if it be the leſs, the ſame number required is thereby had. 

AS; Let the laſt Queſtion be reſumed, 


And let the firſt Poſition for A. be———————————— — 7 5 
then the firſt Errour will be W=—— —————— -18 
Then let the ſecond Polition be — «-— — —— 
and fo the ſecond Errour will be———— ——_————— +68 


and the Difference of Poſition is _—z 
Which divided into two parts, 9 and 3, which have that proportion one to another 
as the Errours 18 and 6 have; then if the firſt part 9, be taken from the firſt Poſition 
15, there remains the e7me Number 6: Or elſe, if the ſecond part 3, be added to the 
m_ ung 3, thereby alſo is made the rrue _ 6. 
e way of parting 12 (or any other Number) into two parts pronortio 
the Errours, is eaſily done by the Golden Rule, thus : TIO with 


As the Summ of the Errours 24, 
Is to the Difference of Poſition 12 ; 
S9 is the greater Errour 18, 
To the greater part required, namely 9. 


Many other Queſtions may be wrovght by this Rule; but I intend not to he larze 


— 


herein, becauſe ſome of thoſe Queſtions may be reſolved without this Rule; I will 


therefore only inſtance in one Example more. | 
Queſtion 4. If there be a Ciſtern with 4 Cocks, which holds $ Barrels of Water, and 
the firſt Cock will run it all out in 6 bours, the ſecond in 4, the third jn 3 ”_y the 

laſt in 2 hours, In what time ſhall all of them run it out ? : 
If the firſt in 6 hours run—- — | | 
The ſecond in the ſame time would run mn 


The third SECTOR Gs hh 28 
The laſt — —— — m— 2 a OY bo 
Then ſay, If 60 require 6, what $ ? in all -60 


The Anſwer is zz, that is, 5 of an hour, or 48 mi IP oe 
i 49 minutes; in which time 2 
Cocks together would run out all the $ Barrels of Water. TIN 00-4 


CGHA P- 
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Pare I. 
CHAP. XVII 
of The EXTRACTION of ROOTS. 


SL Of the SQUARE ROOT. | 
Definition SQUARE is a, Geometrical Figure, conſiſting of Four equal Sides; 
0h rs many equal (or right) Angles; of which, any one Side of that 
Figure is called the Rect, and. that Koor multiplied in it. ſelf produceth a Square 
N 


wmber. 
There are Three diſtinct Species or Kinds of Square Numbersy viz. Single, Compound, 


and Irrational. ENS ug 

E Single, are fuch Square Numbers 28 are made by the Multiplication of any one of 
the Nine Digits in it. ſelf ; as yes my" in it ſelf, (that is 5 by 5,) the ProduCt is 
25, a Square Number, of which 5 is the Rooe, and. 25 the Square; allo 7 times 7 is 49, 


which is a Square Number, ane 7 is the Root of It. 


C1? EF -26Y 
| , 
3 : 9 | 
"n 4 | multiplied in it ſelf, ; 16 - | 
So the Roor, or Side,s 5 » produceth _ Square 4 2 5 > which is the Square thereof. 
Num 


6 36 
7 4 9 
8 | 6 4 
L9J [81 


Il. Compound, are ſuch Squere Numbers as are made by the Multiplication of more 
Figures than Ore; as 10 multiplied by 10, Ar wang 100; ſO is 100 a Square Num- 
ber, and 10 the Root thereof; alſo 11 multiplied by 11, produceth 121, the Square of 
the Root 11; and fo the Square of 12 will be 144, for 12 by 12 produceth 144, &c. 

Ill. Irrational, are ſuch Numbers whoſe Roors cannot be found in whole Numbers, 
but by ſome other artifice, (as will appear hereafcer ;) ſo 2, 3, 5, 6, 7, 8, &c. alſo 


Io, 12, 14, 18, &c. and 105, 2244 infinite others. Ya 
Now if a Square Number be given, to find the Root thereof, that is, to find out ſuch 


8 Nwnzbcr, which being multiplied in it ſelf ſhall be equal to the Number given, is cal- 
kd the Extrati;on of the Square Root : And this Extrattion of the Square Root is de- 
monſtrated by the Fourth Theorew of the Second Book of Exclide's Elements, which 


THEOREM. 


If a Right Line be divided by chance, the Squares made of the Parts, together 
with the Retangle made of the Parts twice, is equal to the Square of the 
whole Line. | 


ILLUSTRATES 


Let the Line AB be divided hy chance in A SI E + B 
the Point E, it is manifeſt that the Square * 
of AB, that js to fay, the Sqgware AB CD, | 5 75 25 | 
made of the whole Line A B, is equal to the L 
Square of LO, which is equal to AE, and | 5 KR 


w the Square of E R, made of the part EB; 
20d to the two Rettangle Figxres AQ and 
DO, which are made of the Pares AE and © 
EB twice; according to the Theorem. 225 
Now let the Line A B be ſuppoſed to be IE | 75 
20; and ler ir be divided into AE 15, and | 
5. 
Then the Square of A B, which is | a 
> —4@ 0 T5” — 


$1 


made by muliplying the Side ( or 


Rove) 20 in it felf, is equal to—— 
The 


Curxsus MaTHEMATICUS. | Book I. 


The Square of AE 15, Is made by multiplying 1: 5 in it ot OO PERSnens 225 


25 | 9, on comm nr | | 
" And the Squareof BE 1s 5 In 5, viz. — — h ETON 25 
And the Reftangle AO is 15 IN 5, 9z. — bh HEE, 
And the Reftangle DO is allo 15 In 5, viz. ———— —— 5 


The Summ of the Parts —— 400 
Equal to the Square of the Whole Line A B; all the Parr: together equal to the Whole. 


$I. The GENESIS for Extrafting of the Square- Root. 


Example. Let it be required to find the Square Number, whoſe Side is 57. 
i. Write down the Roor 57, as in the Margin, with the inter- 
yal cf one Figure between the 5 and the 7, and draw a Line under 


$21 them, as alſo two down-right Lines, the one next after 7, the other 
vie als after 5, ſo that the Numbers to be fonnd may be orderly placed for 
Addition : Then let the Roor given be ſuppoſed to be divided into 
CEL... theſe two parts 50 and 7; then, 
32|49]|Square _ Multiply 5 in it ſelf, the Produdt is 25 5 which ſet under the 


Line, Unites under Umres. 
3. Donble 5, it makes 10, which multiply by 7, it makes 70.3 which ſet under 25, 
one place forward to the Right hand. _ 
4. Multiply 7 in it ſelf, the Product is 49; which ſet under 7, Unites under V- 
Nites. | 
5- Add theſe three Numbers together, viz. 25.. 70. and 49, in the ſame or- 


der as they ſtand, the ſumm of them will be 3249, which is a Square Number, and 


the Root thereof is 57 : which may be eaſily proved by multiplying 57 in it ſelf. 
Other Examples for Prattice. 


4 | . 8 | Root 9 | . 9 | Root 7| .6 | Root 
7 $i 89 81 * 49] »*> 

6 | 4 16 ; 4 » 
124 $1 36 


3|0 4 | Square 98| O 1 | Square $7 | 7 6 | Square 
SIIL. 7o Extraf the Square Root. - 


When a Numher is given to have the Square Root thereof extratted, obſerve the 
Directions laid down in theſe few following Examples. 

—_— 1. Let 3249 be 'a Number given, and let the Square Root thereof be re- 

WIYEAR., 

Set the Number down, as in the Margin ; and make a Prick over 9, the place of 
Unity, and another over 2, the ſecond figure from it to the left hand, obſerving the 
like order {till It there were more ſecondary Figures; then draw down-right Lines on 
the right ſide of each pricked figure, and put: a Quotient-line, as in Diviſion, on the 
right tide of all, and your Number is prepared for Extraftion, whifh is performed in 
the following manner. 

1. Here 32 (being the figures of the firſt Period, ) not 
being a Square Number, find the neareſt Square among the 


3249 (57 Digit Squares, lefs than 32, which will be 25 ; ſer 25 un- 


25 der 32, and the Roor thereof 5 put in the Quorienr, and 
-I0h) 7149 Rejolven 7 araw a Line under 25; then ſubtract 25 from 32, and ſet 
7 | 4 9 | Prodult the Remainder 7 under the Line. 


2, To this Remainder 7 bring down 49, (the two fi- 
gures of the next Period, ) ſo will the whole Number be 
| 749, Which you may call the Reſolvend; then on the left 
band of 749 make a crooked Line for a Quotient, in which put the double of the Quorzert, 
which 1s 10: then ask how many times 10 in 74, the anſwer will be 7; put 7 in the 
Quorient to 5, making it 57, and alſo in the other Quotient, making that 107 ; then 
multiply 107 by 7, (the laſt figure in the firſt Quorient, ) and the Produtt will be 749» 
which ſet under 749, and ſubtraCting it from 749 above, the Remainder will be ao- 


_y =p ſhews the Number 3249 to be a Square Number, and the Roor thereof 
To 


o|00| 
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Example 2. Leer zr be required to find the Square Root of this Numbers 27846729. 

Set down your Number with Points over the proper Figare:, and down-right Lines 
by the pointed Fignres, with Quotient Liner, &c. as is done an the Margin : which done, 
begin your work in this manner. ; 

1. The figures of the firlt Period being 
27, the ncarlt Square Number thereto is 


25, whoſe Roor is 5 ſet 5 in the Quorient, 4 4 

and ſet 25 under 27, and under it draw a 27]}84|[67]}291(5277 

Line; and ſubtrafting. 25 from 27, the 345 | 

remainder will be 2; which ſet under 25, 102)]| 2|84 Keſolvend 
2. To this remainder 2, bring down the 204 | Produt 

two fignres of the next Period, <iz. 84, 1047) 80167 Kejorvend 

making wo, _ the firſt nar | 132 7 Produft . 
3. Double the figure in the Qnotient 5, ” yupyar an 

ir makes 10 which fer in a Quotient on * © +7) | | 7[38|29 | ejoivend 

the left hand of 284, and ask how many —_- > [ann 


times 10 in 28, the anſwer will be 2; ſet 2 
in the Quotient, and alſo in the other Quo- 
tient by 10, making It 102. ; | 

4- Mukiply 102 by 2, the laſt figure in the Quotient, and the Produdt will be 204 ; 


which ſer under 284; and ſubtracting 204 from 284, the remainder will be 80; which 


ſet under 204. ' | | ; : 
5. To this remainder 80, bring down the figures of che next Period, 212. 67, making 


the ſecond AXKe/olvend to be 8067. 

6. Double the Quotient 52, and it makes 104 ; which ſet in a Quotient on the left 
hand of the Reſolvend 8067; and ask how many times 104 can you have in 806, the 
anſwer will be 7 times; put 7 in the Quotient, and alſo in the other Quotient on the 
left hand, making it 1047. 

7. Multiply the Quotient 1047 by the laſt figure in the Quotient 7, and the Produtt 
will be 5329 ; which ſet under 8067; and ſwhtraCting 7329 from the Reſolvend 8067; 
there will remain 738; which ſet under the Line. | : 

8. To this remainder 738. bring down the two figures of the next Perjod, viz. 29, 
making the third Reſolvend to be 73829. 

9, Double. the Quotient 527, and it makes 1054; which ſet in a Quotient on the 
left hand of the Reſolvend 73829, and ask how many times 1054 can you have in 7382, 
the anſwer will be 7 times; put 7 in the Quotient, and alſo in the other Quotient on 
the left hand of. the Reſolvend, making that Quotient to be 10547. 

10. Multiply the Quotient 10547 by 7, the laſt figure in the Quotient, and the Pro- 
dutt will be 73829 ; which ſubtract from the third Reſolverd 7 3829, and the remain- 
der will be nothing : which ſhews the given Number 27846729 to be a Square Num- 
ber, and the oor thereof to be 5277. Which may be eaſily proved by multiplying 
5277 1a it ſelf, for the Produtt of that Multiplication will be 27845729. 


Other Examples for Prattice. 


5[03|50[87|21](22439 


4 þ 

42)|1 | O 3 | | Reſolvend 
8 4 Produtt 

444) | l9|50 | .| Refolvend 
17]76 Produtt 

44%) | 1|74]87| | Reſolvend 

. as 1134[49 Prodntt 

44869) 40|38|21 | Reſolvend 
: | * [40]|28]21| Prodatt 

| | 1o0[|00|00 |Kemamder 


K Another 


Cursus MATHEMATICUE. Book 1I. 


Another Example of a Number not Square. 


64|28]03106 
[64 F , 

2601) 25103 

 116J©O! 


16027) 12[02[|06| Reſolvend 
| 11}21|89| Produtt 


a 80 It 7 | Kemamder 


This Number 64280306 being not a Square Number, for that after the Extra&ion 
is ended, there remains 8017; which make the 1Vumeratoy of a Frattjon, and then 
double the Roor, and add an Unite to it, and it will be 16035, which make the Denom:- 
nator of the Fraftion; and ſo will the near Root of 64280306 be 8017 17753. 

This is the uſual way of finding the Square Roor of a Number not Square ; but ſce 
more of this in Decimal Arithmerick, 


(8017 


Ke/otvend 
Product 


S$IV. 7o find the Square Root of a Vulgar Fraction, which is commenſuratle. 


Before you attempt to extract the Square Rosr of a Fration, you mult firſt reduce 
the Fraftion to its leaſt Terms; for it may ſo fall out, that the Fro#5on in its given 
Terms may be incommenſurable, but being reduced to its leaf?, it may be commenſu- 
rable ; and then this is the RULE: 

Extra the Square Root of the Numerator of the Fraftion given, and that ſhall be the 
Numerator of the Root ;, alſe, the Square Root of the Denominator of the given Fraftion, 
ſball be the Denominator of the Root of the given FraCtion. 

Example. Ler ir be required to find the Square Root of ; x. 

This FraCtion being reduced to its leaſt terms, ( 5 being the common meaſure, ) will 
be 55: now the Square Root of 16 is 4, the Numerator of the Root ; and the Square of 
49 is 7, for the Denominator of the Root : ſo that the Square Rooe of the Fraction ;*; 

or 35) is 5- | 
: Alſo, the Square Roor of 55 will be found to be 5, and of x} will be found to be 3, &c- 


SV. To find the Square Root of a commenſurable Mixt Number. 


For the effecting hereof this is the XKULE : 

Reduce the Mixt Number into an Improper FraCtion, and then the Square Roots of 
tbe Numerator azd Denominator of the Fraction giver, ſball be che Numerator and De- 
nominator of he Square Root thereof. | | 

Example. Let it be required to extraCt the Square Root of 34 $1. | 

The Mixer Number given, viz. 34 3; reduced into an Improper Frattion, will be 222: 
this Frattion being in its leaſt rerms, the Square Root of 2209 the Numerator, is 47, 
for the Numerator of the Root ; and the Square Roor of the Denominaror 64 is 8, for the 
Denominator of the Square Root : So that the Square Roor of 223% is 4}, or which is 
equal to it 5 z. | 

Note. When the Proper Frattion, or Mixt Number, is incommenſarable to its Square 

Roor, prefix this Character before it, viz. 4/ or q : So the Square of 7 2 will be 
thus expreſſed, /q 7 3; likewiſe the Square Root of £2 muſt be thus expreſled , 


v/q 375 for thefe, and ſuch like, cannot be expreſſed by any rational Numbers 
whatſoever. 


IL, of te CUBE ROOT. 


SL Of a CUBE. 


Defumtion, A CUBE is a Geometrical Figure of the .Thixd Quantity, as a Square 

k. was of the Second; for as a Square conſiſteth of Length and Breadth, a 
Cube conlilteth of Length, Breadth, and Depth; and fo is compoſed of ſeveral Super- 
ficies added or connedted together, and proceeds from Right Lines multiplied in ther3- 
ſelves, conſtituting a Sperficies, and that Superficies again multiplied in its Side, produ- 
ceth a Cube Number, repreſenting a Body $94;d, conſilting of 1ix equal Sides, 


Thus 
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| Thus any Number multiplied in it ſelf, produceth a $4xare ; and that $qzare multiplied 


2gain by its Side, produceth a Cube. 


Figure I. 


Figure II. 


So 3 multiplied by 3 produceth the Square ABCD 9; and that Square ABCD9 Fiz.1. 
multiplied again in any of its Sides, A B, or BC 3, produceth 27, for the Solid Cube 


ABCDEFG; as in Figure I. 


Where AB 3 multiplied in its felf, or any of the other Sides, AB or AC, pro- 
duceth 9; and ſo many little $qzares are contained in the Square A BCD. 

Alſo, this Square A BCD, conſiſting of 9 little Squares, being multiplied in any 
of the other Sides, (as CG, BE, EF, or F G, each containing 3, ) produceth 27 ; 
and ſo many ſmaller Cubes are contained in the Cube ABCDEFG. 

Again, If the Side of the Square H K LM be 6, the Square will conſiſt of 36 ſmaller 


Squares z and thoſe 36 Squares multiplied again by the Side 6, will produce 216; and 


ſo many ſmaller Cubes are contained in the greater Cube HKPONM; =s in Figure 1I. 
And ſo of any other Number ; as, let 1 2 be the Side of a Square, 12 multiplied by 
12 will produce 144, for the Square z and 144 multiplied again by the Side 12 will 


produce 1728, for the Cube. 


Wherefore to Extratt the Cube Root is nothing elſe but to find out a N umber, which 
being firſt multiplied in it ſelf, and then into the ProduCt, produceth the given Cube 


Number. - 


Thus to Extraft the Cube Root of 15625, is to find out the Number 25 ; which being 
firſt multiplied into it ſelfproduceth 625, and that multiplied by 25, ſhall produce the 


given Number 15625. 


Now becauſe this conſtruftion of the Cube from a ſmgle Roor, contributes little to» 
wards the finding out that Roor from a, given Cube Number, therefore by the Ancients 
was found out that admirable Art of cutting or dividing of the Roor into Two Parr-, 
which they therefore called a Binomial Root ; and from thoſe Two Parts they erected 
Eight Solid Numbers, whereof the Greateſt and the Leaſt are always pure Cube Nun:- 
bers, made of thoſe two diſtinCt Parts into which the Root is firſt divided; and of the 
Other are made Six Parallclopipedons, by which is meant Solid Numbers made by multi- 
plying the $qzare of one Number multiplied intd another amber, in imitation of a 
Geometrical Parallelopipedon ; which is a Solid Figure, contained under Six Quadrilatical 


Figures, whereof thoſe which are oppoſite are Parrallel. 


Eucl. El. 11. Def. 30. 


The Three Greateſ# Parallelopipedons are equal one to the other, and each of them 
made by multiplying the Square of the Greateſ# Part of the Binomiel Root into the 


ſſer Part. 


The Three Leſſer Parallelopipedons are alſo equal one to the other, and each of them 
made by multiplying the Square of the Lefſer Parr of the Binomial Roos into the Grearer 


Pars. 


K 2 T hug 


Fig. II, 


A 
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Thus in the Figure, the Whole Root AB, or AC, is 5; and it is cut into Two Pares, 


AD 2, the Leſſer, and DB 3, the Greater, | Eg 
The Cube of the Greater Pare DB in DB in DB, that is 3 in3in ve y_ 


which makes—— — . —_ 
And ſuch is the Cube noted with M. 
The Cabe of the Leſſer Part ECinECinEC, that is, 2in2 in ug 
Which Makes ——— DS — _ — 
And ſuch is the Cxbe noted with N. | 
Each of the Three Greater Parallelopipedons is made of the Square of [ = 
BD into AD, that is, of 3 in 3 in 2, and ig— Torn 
The ſame again — | ——_—— 
The ſame again — — GE EE  ETEE _ www 3 W 
Of theſe there are Three noted with O, P, and S. CT 
Each of the Three Leſſer Parallelopipedons is made of the Square of 
EC into AD, thatis2in2 in 3, and is —— _ ol OO © 
The ſame again= E— _ = tage —12 
The ſame again ———_ ee nniatraromoeno 3 2 


Of theſe alſo there are Three noted with Q, R, and T. © : 
| The, 


w—— oy 
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| Then, 
; nM G; ta —_— NED — yn 
M, the Greater, 1s 27 
The Two Cuber, N, the Leſſer, is n—————— I er—_— —— o8 
O, ” 1% ON IG: —— 
The Three Greater Parallelopipedons, are ns tw 1 $ 
S, I Wor 1 OE a — 1 5 
Q,— —— 1 2 
The Three Leſſer Parallclopipedons, are < R, . — RE, 
| T, —— 


4 | The total Summ of all theſe is t2'9 
And it is equal to the Roo: AB, 5in5 ing; forging is 25, and 25 in 5 
is 125; this being the whole Cnbe, and the others the Parrs thereof : All the Þ 1 2 5 


_ COT  —_ 


' Now it is here to be underſtood that the Unires in this Cube Number 125, are fo 
many ſmall Cubes, or Unires, (or ſo many Dice, ) and, | 


£ of theſe being piled one upon the other equally, do make up the Cuhe— Th 


18 O. 
I iGo theſe being ſo orderly piled one upon the other, do make the Parclibppedng P. 
I 8 g 


LE | 
I 2Gof theſe being ſo orderly piled one upon the other, do make the Parakiopcdng K 


I 2 p x 
125 The Summ. 


After the ſame manner, let the Roor be 25 ; ( that is, by conceiving every one of the 
little $q»ares of the Side AB to be divided into 5 Parts, and fo the Whole Side AB 


to be the Roor 25, ) and that to be made Bizomial, by cutting it into two Parts, 20 
and Fo Then, 


The Cube of the Greater Part 20, is made of 20 in 20 In 20, that is, — $000 
The Cube of the Leſſer Parr 5, is made of 5 in 5 in 5,, that is, -———- I25 
The Greater Parallelopipedon is made of the Part 20 in 20 in g, that is 2000 , Te ks 


of which there are Three, and they make— 

The Leſſer Parallelopipedon is made of the Part 5 in it ſelf, in the Parr 20," 
that is 500 ; of which there arc Three alſo, and they make —— i L500 
The Total 


15625 


£ _ that Total Summ of all the Fight Solids, 1s the Summ of the entife Cxbe, whoſe 
Ide Is 25. 
| Now, all that is here faid is, in effect, the fame which Ramus, in his Geometry, 
Lib. 24. de Cubo. Y 10. faith, 
If a Right Line be cut into two Segments, the Cube of the Whole ſhall be equal to 
the Cubes of the Segments, and thrice the double Solids made of the Square of the 


Segments. 
Theſe things here delivered being well underſtood, the extrafting of the Cube Roo? 


of oy Number will be eaſily conceived; and how it is to be effeted ſhall hercafter 
ewn. 


$ HW. Of CUBE Numbers. 


Of Cabjcal Numbers there are three diſtin&t Kinds or Species, viz. Sine, Compound 
- ' O =" 
and Irrational. 


l. Single. Such are called Single Cube Numbers as are made of any one ſingle gnift- 


cant figure, multiplied twice in it ſelf: As, 1 multiplies nothing, and ſo is both Roor 
= Cube ; but 2 times 2 is 4, and 2 times 4 is 8; thus 2 is the Roor, and $ is the Cube : 
10 3 times 3 is 9, and three times 9 is 27; here 3 is the Roor, and 27 the Cybe. _ 


And 
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And fo of all the Nine Digit Numbers, as in this Table. So, 


ſ 13 Ya} 1 I ? 

>| - [4 | 

: | lied in it ſelf 4 d that multiplied again in J, | 

multiplied in it ſell, ; 16 } and tha - + 

The nos} : > Todecerh the Square g 25 > to the Side, produceth < 125 > 
or Side, \ 2 Number 36 the Cabe Number | 216 0 
7 | 49 343 | | 

8 | 64 | $12] 

C9J (81) L729 


II. Compound, Such are called Compound Cube Numbers, whoſe Koors conſilt of more 
figures than one, as 12, the Cube whereof is 1728; the Cube of 22 is 10648, &c. 

Hl. Irrational. Thoſe are called Irrational Cube Numbers, whoſe exatt Cube Root 
cannot be found ont by any Artifice yet diſcovered, either in Whole Numbers or Frattions 
ſuch are the C»be Roots of 2, 4, 7, 10, and infinite others. 


$I. Zhe GENESIS for extratting the Cube Root. 


Example. Let it be required to find the Cube Number whoſe Side or Root is 57. 
1. Set down the Roor 57, as in the Margin, with the interval 
5 7| of two figures between 5 and 7, and draw a Line under them, and 
alſo two downright Lines, the one next after 7, the other after 5, 


a | for the more orderly yu of the Numbers to be added; then 
5213 -*| Jet the Roor given be ſuppoſed to be divided into theſe two parts, 
7 : : ; 500 and 7. 


PTY! 2. Set the Cube of 5, which is 125, ander 5, (Unites under U- 
1851193] nites, &c.) and the Cube of 7, Which is 343, under 7, two places 
below the Cube of 25, ( Unites under Unites. ) 

3. Triple the Square of 5, which is 25, and it makes 75; which multiply by 7, 
and it makes 525; which ſet nnder 125, one place forwarder to the right hand. 

4- Triple 5, it makes 15 ; which multiply by 49, ( the Square of 7,) it makes 735 
which ſet under 525, one place forwarder to the right hand. 

5. Add all theſe together in the ſame order as they ſtand, the Summ of them will 
be 185193; which is the Cube Number of which 57 is the Reor : Which may be eafily 
proved by multiplying 57 in it ſelf, and that Product again by 57, the laſt Product 
will be 185193. 


Other Examples for Praftice. 


Is .$ 9]--9 m7] ..6 
"7 RR 7 I'S 5. #7 © PUR 
IVis . » 2 18]% ., > | Þ 
7168. 21187. 7156. 
{4591's 729 1216 
1olsg2] 9701299 38976] 


SIV. To Extra the Cube Root. 


When a Number is given to have the Cube Root thereof found, you muſt firſt writs 
the Number down, then put a prick over the firſt figure towards the right hand, which 
is the place of Unites, and ſo over every third figure from that place of Unites; then 
by every pointed figure draw a downright Line, for the more orderly ſetting of the 
figures to be added and ſubtradted, and alſo a crooked Line for a Querjenr, on the 
right hand; then is your Number fitted for Extrattion ; for the performance whereof 
obſerve the following direCtions. SEES 

| 4 peg Let it be required to find the Cube Root of the Compound Cube Number 

I05193. 

7. Set down the Number given 185193, and make a Prick over 3, the place of Uni- 

ty; and, miſſing two places, make another Prick over 5; then make a crooked Lire for 


= noo and by 3 and 5 draw two down-right Lines, as you may ſee in the follow- 
OT . 


3. The 
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2. The three firſt figures of the given Number towards the left hand, 185, being 
the firſt Period, ſeck ( by the foregoing Table ) the neareſt Cube Number to it, being 
leſs, which you will find to be 125, whoſe Cube Roor 1s 5 3 Place the Foot 5 in the 
Oncticit, and the Cube thereof 125 under 185, drawing a Line under 125; and ſub- 
tracting it from 185, there will remain 60; which ſer under the Line: And ſo is the 
firſt operation of your Extrattion ended. 

3. To the 60 which remained, bring down the three figures of the next Period, viz. 
193, making the number 60193, which 1s called the Reſolvend, under which draw a 
Line, and then the Work will ſtand thus: 


i85|193] (5 
125 


—50|193 | Reſolvemt” 


4+ Triple the Root in the Quotient 5, it makes 15 3 which ſet under the Reſolvend, 
in ſuch order, that the place of Unites in this Triple may ſtand under the place of 
Tens in the Reſolvend; 1o the Triple of the Root 5 being 15, ſer the Unite 5 under 9, 


' the. place of Tens in the Reſo/vend : and then the Work will ſtand thus : 


i185|193](5 
gd 7 OBS Ws 
| ' 60|19 3 | Reſolvend 
, | | [i5 | Triple of the Root 5 


5. Triple the Square of the Root 5, and it makes 75, (for 5 times 5 is 25, and 3 

times 25 is 753 ) which place under the Triple of the Root, in ſuch order that the 

lace of Unites in this may ſtand under the place of Tens in that : Then will the 
ork ſtand thus : 


We lr2s (Ss 
125| 

60|193 | Reſolvend 

| I'5 Traple of the Root 5 | 

7li5 Triple of the Square of the Root 5 


_ 6. Draw a Line under the Triple of the Square of the Root, and add that and the 
Triple of the Root together, in the ſame order as they ſtand, ſo ſhall their Summ be 
765, for a Diviſor z under which alſo draw a Line, and the Work will ſtand thus : 

18 5 


195) 

741 i 

| 60[19 3 | Reſolvend 

is | Triple of the Root 5 
715 | Triple of the Square of the Roor 5 

| 7165 | Diviſor 


7. Draw' a crooked Line on the left hand of the Reſolvend, in which place this 
Dwviſor 765 laſt found, to which the whole Reſo/vend (except the place of Unity) muſt 
be a ſuppoſed Dividend; that is, ask how many times 765 you can have in 6019, the 
anſwer will be 7 times, which place in the Qyorient ; and this 7 is the ſecond figure of 
the Root ; and then the Work will ſtand thus : 


itt 193] (57 

125 | 

| 765) 6o|1t93| Reſolvend 

| i115 | Triple of the Roor 5 

» 7|5 | 7, of the Square of the Root 5 
|__7]55 | Diviſor 


— — 


$8. Cube 


by 


_—_ 
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he 1aſt figure of the Roor, and it is 343 3 which place under the Reſol- 
vel, is fork ie ther Uaites may ſtand under Unites, &c. ſo will 343, the Cabe 
now found, ſtand under 193 of the Keſolvend; and the Work will ſtand thus: 


185 193 C37 


1 9 3 | Reſolvend 
is | Triple of the Root 5 
715 Triple of the Square of the Root 5 
7|65 | Diviſor | 
| 3 4 3 | The Cube of 7, the laſt figure of the Root 


' Multiply the Square of 7, the laſt figure of the Roor, namely 49, by the Triple 
Rog next «7k CE Dtiend, viz. by 15, the Product will be 735 ; which place under 
343, the Cube laſt ſet down, in ſuch order that the place of Unitey in this, may ſtazd 
under the place of Tens in that ; and then will the Work ſtand thus , 


| 


765)|_ 60 


I 
I 


tw,c0 


5 193 (S7 
5| 


| O———  — = O— — 


765)|_60|19 3 | Reſolvend 
| 15 | Triple of the Root 5 
-ISY Triple of the Square of the Root 
7|65 | Dwiſor 
3 4 3 | The Cube of 7, the laſt figure of the Root 
| 7135 | The Square of 7, by the Triple Square of 5 


10. Multiply the Triple Square of the Root 5, viz. 75, by 7 the ſecond figure of 
the Roor, the Produtt will be 525; which place under 935, the Number Hhſt found, 
in ſuch order that the place of Unites in this ftand under the place of Tens in that ; | 
and then will the work ſtand thus : 


i85]193] ($7 

ESI | 

765)| 65olro2 | Reſolvend ” | 

15 | Triple of the Koot 5 . 

T-FS Triple of the Square of the Root 5 ; 

7165 | Divijer 

| [3 4 3*] The Cube of 7, the laſt figure of the Koot 

7|.35 | The Square of 7, by the Triple Square of 5 

52|5 The Triple Square of the Root 5, in the Root 7 


Laſtly, Draw a Line under the three laſt Numbers, and add them together in the 
{ame order as'they ſtand, and their Summ will be 60193, which may be called the f 
Subrrahend, becauſe it is always to be ſubtraCted from the Reſolvend; and in this Exam- 
ple they are equal one to the other, for the Remainder is 00000 z, which ſhews the given 


Numher to be a Compound Cube Number, whoſe Cube Root is 57 ; and the whole Work 
will ſtand thus . | 
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r25 

765) | 6o[193 | Keſolvend 

5 | 1rpple of the Root 5 

7 38 Triple of the Square of the Root 5 
7165 | Diviſor 

3 43 | The Cube of 7, the laſt figure of the Koot 

7]135 | The Square of 5, by the Triple Square of 5 | 

F2[5 The Triple Square of the Root 5, in the Root 7 | 

| 60|193| Subtrahend 

; 00{|000| Remainder 


- Now 
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Now if you compare this Example with the former GENE S 7, you thall find that 
the firſt Number 125, will be equal to the neareſt Sqx2re lels than 155 ; alfo the 
ſecond Number there 525, is the ſame with the 7riple S5z2re of the Rooe 5, multiplicd 
in the Root 7 3 again, thz third Number there 735, 1s the lame with the $qu.;e of the 
Foot 7, multiplied in the Triple Root of 5; and laſtly, the Number 343 therc, is thz 
ſame with the Cabe of the Root 7. 
Example 2. Let it be required to find the Cube Root cf 95256152263. 
1. Write down the Number, and point it, and draw a crooked Line for the Quo- 
tient, and downright Lines between every third figure from the Jett hand. | 
2. Find the neareſt C«be number, leſs than 95, the firſt Period; which will be 64, 
whoſe Cube Root is 4; ſet 4 in the Quotient, and ſet 64 the Cube, under 95, and draiy 
a Line under It. | | 
3. Subtra&t 64 from 95, the remainder is 31 ; ſet 31 under 64, and bring down to 
it the three figures of the next Period, 256 z 1o will the number be 31256, for the 


firſt Reſolvend ; under which draw a Line. 


4- Multiply the Rocr 4 in the Quotient, by 3, that is, triple it, and ir makes 12; 


ſer 12 under the Reſolvend, ſo as the place of Unites in 12 may ſtand under the place 
of Tens in the Reſolvend. | ; ; 

5. Triple the Square of the Root 4, iz. 16, it makes 48; which ſet under 12, ſo 
that the Unites place of this may ſtand under the place of Tens of the triple Roor. 

6. Draw a Line under theſe two Numbers, and ac&d them together in the order they 
ſtand, and their Summ will be 492, for a Di/or, under which draw a Line. 

7. On the Left hand of the Reſolvend make a crooked Line for a Quotient, in which 
the foregoing Diviſor 492 is to be placed ; and the Reſolverd, (all but the place of 
Unity, ) namely, 3125 Is to be a Dividend; and then ask how many times can you 
have 492 in 3125, the anſwer will be 5 times; ſet 5 in the Quotient. 

8. Cube the laſt figure, or Roor, in the Quotient, and it will be 125; which you 
muſt ſet under the firſt Re/olvend, Unites under Unites, &c. that is, 125 under 256. 

g. Multiply the Square of 5, the laſt figure in the Quotieat, which is 25, by the 
triple of the Root 4, namely 12 above found, and the ProduCt will be 300 ; which ſer 
under 125, the Unites place of this under the place of Tens in thar. 7 

10. Multiply the triple Square of the Root 4 before found, viz. 48, by 5, the laſt 
figure in the Quotient, and the ProduCt will be 240; which ſet under 300, the Unites 
place of this under the place of Tens in thar, | 

11, Draw a Line, and add theſe three Numbers together in the ſame order as they 
ſtand, and their ſumm wilt-be 27125 ; which you may call the Subrraherd, becauſe it 
is to be ſubtratted from the Reſolvend. 


12. Draw a Line under the Subrrabend, and ſubtraft it out of the Reſolverd, the - 


reinainder will be 4131; to which bring down 152, the three figures of the next Pe- 
riod, and it makes the Number 4131152, for a ſecond Reſolvend, - 

13. Triple the whole Quotient 45, It makes 135 ; which ſet under the ſecond RKe- 
ſolvend, ſo that the Unites place of this may ſtand under the place of Tens in that. 

14. Multiply the Square of the Quotient 45, which is 2025, by 3, the Produtt will 
be 6075 ; which ſet under 135, in ſuch order that the place of Unices in this may 
Itand under the place of Tens in that. 

15. Draw a Line under, and add theſe three laſt Numbers together, "their ſumm 
will be 60885; which mult be a ſecond Djvifor ; under which draw a Line. 

15. On the Left hand of the ſecond Reſolverd make a crooked Line for a Quotient, 
and in it put this new Diziſor 60885 ; to which the ſecond Reſolvend (all bur the laſt 
heure towards the right hand ) is to be a Dividend; then ask how many times 60885 
can be had in 413115, the anſwer will be 6 times ; ſet 6 in the Quotient, for the third 
figure of the Root. | 

17. Multiply the Square of 6, (the laſt figure in the Quotient,) viz. 36, by the triple 
of the Square of 45 before found, namely, by 135, and the ProduCt will be 4860; which 
ſer under 216, the place of Unites in this under the place of Tens in that. 


15. Multiply the triple Square of the Quotient 45, before found, (5z. 6075,) by 6, 


the laſt figure in the Quotient, the ProduCt will be 36450; which ſet under 4860, ſo 
the Unires place in this may ſtand under the place of Tens in that. 
19. Draw a Line, and add theſe three Numbers together in the ſame order as they 
Rand, ard the ſumm of them will be 3693816 ; which is a ſecond Subrrahbend. 
20. Draw a Line under it, and ſubtract this Subrrebend from the next Keſulvend 
above, that is, from 4131152, and the remainder will be 437336 ; to which bring down 
- 263; 
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263, the three figures of the next Period, and the whole ſumm will be 437336263, for 
a third Reſolvend ;, under which draw a Line : and, | Eo 

21. Multiply the Quotient 456 by 3, the Product whereof will be 1368; which 
ſet under the Reſelvend, ſo that the Unites place of this Produtt may ftand under the 
place of Tens in the Reſolvend. | | 

22. Maltiply the Quotient 456 in it ſelf, and that Product again by 3, and the laſt 
Product will be 623808; which ſet under 1368, the Unutes place of this, under the 
place of Tens in that. / 


23. Draw a Line, and add theſe two Numbers together, their ſumm will be 6239448 


for a third Dij/or ; under which draw a Line. | 

24. On the Left hand of the third Reſolvend make a crooked Line for a Quotient, 
and in it put this third Dizs/or, 62394483 to which the third Re/olverd ( all but the 
laſt figure towards the Right hand ) is to be a Dividend: Then ask how many times 
6239448 can be had in 43733626 ; (or ſnorter, how many times 6 1n 43, or 62 in 437) 
the anſwer will be 7 times; ſet 7 in the Quotient, for the fourth and laſt figure of the 
Root. 

25. Multiply the laſt figure in the Quotient 7, in it ſelf twice, that is, Cube 7, and 
it makes 343 3 which ſet under the &e/olvend, ſo that the Unites place of this, may 
ſtand under the Unites place of the third Reſolvend, 

26. Multiply the laſt triple of the Quotient 1368 by 49, the Square of 7, the laſt 
figure in the Quotient, and the Product will be 67032 ; which ſer under 343, fo that 
the Unites place in this may ſtand under the place of Tens in that. 

27. Multiply the laſt triple Square of the Quotient 623308, by 7, the laſt figure of 
the Quotient, and the ProduCt will be 4366656 ; which ſet under 67032, ſo that the 
Unites place of this may ſtand under the place of Tens in that. 

28. Draw 2 Line, and add theſe three Numbers together in the ſame order as they 
ſtand, and their ſumm will be 437336263, for a third Subrrabend, which is to be ſub- 
tracted from the third Reſolverd; which being equal thereunto, the remainder is no- 
thing; which ſhews. the Number given 95256152263, to be a Compound Cube Number, 
and 4567 to be the Roor thereof, For the better underſtanding hereof, view the Sy- 


nop{s following, : 
4 A Synopſis of this laſt ExtraFion. 


lo5|256|152 263] (4567 
6 4 
FESEILINILS! | | * | Zo# Rejotrend 
E | Triple of the Quotient 4 Sa 
418 | Triple Square of the Quotient 4 
4192 | | | Diviſor | 
125 Cube of the laſt Figure m the Quonent 5 
3100 Squa4e of 5 by the Triple Square of 4 
2410. _ | | Triple Square of the Root 4 1n the Root 5 
27|125| | | Subtrahend E SIS 
60885)| 4{131]|152] | Second Reſolvend 
| i|35 | Triple of the Quorient 45 
607] x5 | Triple Square of the Quotient 45 
"1608185 | | Div1/or ; 
216 | Cube of 6, the laſt Figure in the Quotient 
43|60 | Square of 6, by the Triple Square of 45 
_ 3{54510 Triple Square of 45 in the laſt Figure 6 
YI [693[816 | TR Subtrahend 
6239448) 1437] 3 36 | 26 3-| Third Keſolvend Ys 
| I 3 | 63 | Triple of the Quotient 456 
$1: 6243V01[$ Triple Square of the Quorient 456 
— | __$62]394|483 | Diviſor wy 
F : 3 4.3 | Cube of 7, the laſt Figure in the Quontert 
* he 70132 Square of 7, by the Triple Square of 456 
4 3 6516 _- | Triple Square of 456 in the laſt Fig. in the Quotient 7 
|___[437[336|263]| Sabtrahend OY” 0 | 
[200J000Iln00] Remainder Ry 
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Note. When at any time in your Extraction you find a S»brrahend to be greater than 
the Re/olverd before-going, from whence It is always to be ſubtraCted, your Work is 
erroneous, and muſt be amended by placing a leſſer figure in the Quotient. 


CV. To Extraft ihe Cube Root of a Vulgar Fraction, or Mixt Number. 


Before the Cube Root of a Frafion, or Mixt Number be extrated, it ought to be 
reduced to its lealt terms; and then this is the RULE: 

Extraft the Cube Root of the Numerator of the Frattion, and that ſhall be the Nurhe- 
rator of the Cube Root ; alſo, the Cube Root of the Denominator of the Fraition, ſhall 
be the Denominator of the Cube Root of che Fraction. ; 

Example. Lzr it be required t0 find the Cube Root of this Proper F ration. 

Firſt, Neither the Numerator nor Denominator of this FraCtion, as it now ſtands, 
are Cube Numbers; but being reduced to its leaſt terms, it becomes 3, which are both 
ſo; and the Cabe Roor of 8 is 2, for the Numerator of the Roor; and the Cube Root of 27 
is 3, for the Denominator of the Rove - So that the Cube Roor of ;x4, or 45, is 3. 

Example 2. Let jr be required to find the Cube Root of this Mixt Number 20 5;. 

Reduce the Mixe Number 20 5; into an /mproper Frattion, and it is 2/3;, and ſeeing 
it is in its leaſt terms, it needs no reducing z then the Cube Root of the Numerator 1331 
is tt; and the Cube Roor of the Denominator 64 is 4: ſo that the Cube Roor of the 
Improper Fraftion 24, 1s =, Or 2 5. Se 

Note, When a Yulgar Frattion or Mixt Number is incommenſurable to its Root, 

ſuch are uſually thus expreſſed z viz. the Cube Roor of 4 thus, y/c 3; and the Cube 
Root of 2 4 thus, y/C |, &c. 

1 might now proceed farther, to ſhew how to extrratt the Biquadrate Root, &c. but 
| leave that till 1 come to treat of Artificial or Logarichmical Arithmetick, wherein ſhall 
he ſhewed how, with eaſe and facility, to cn the Roor, to the ſixth, ſeventh, or 
eighth Pow er. 


$ VI. Of finding the Square and Cube Roots of Numbers which are incommen- 
ſurable to their Roots, another way. 


The Extration of the Square and Cube Roots hath been largely treated of before in 
this Chapter, but the Examples were of ſuch Nambers as were commenſurable to their 
Roots ;, that is to ſay, they were exaCt Square or Cube Numbers : all that I ſhall ſay of Ex- 
rratting of Roors in this place, ſhall be to ſhew how to find the Roors, as near as may 
be, of ſuch Numbers as are incommenſurable to their Roors ; wherein I ſhall be very brief, 
Fr; you only one Example of a Square, and another of a Cube Number, incommens- 

urable. 
Example of the Square Root. 
Let it be required to find the Square Root of 71958. 

Having ſet down the Number, and pointed it, ( according to the former direQtions, ) 
and extraCted the Square Root thereof ; which you will find to be 268, and the Remarn- 
der to be 134: now ſeeing there is a Remainder, add to the given Number any even 
number of Cyphers, as two, four, ſix, or eight; (as in this Franplh fix Cyphers are 
added, which make three places of Decimal Parts in the Roor, ) and then proceeding 
08 in your Ex:raftion, you will find the Rove to be 268 Inregers, and .249 Parts. 


[o|is 58|00|00[00| (268.249 
4 - . 
46)|3119 | -4 Keſotvend 
2]76 
528) 43 $8] | | Reſolvend 
42|24 | 
5362) 1134100 _ 
ALTAR 
$3644) ay 76100 40 
| 2145 2.0 | 
536489)| 5132 24|009 Reſolvend 
|  4|i82|8zſor | 
Remainder | 47\| 39| 99| 99 
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By the Work you may ſee that there are three Places of Decimal Parts in the Roor, the 


Root being 268 [xtegers, and 249 Parts, and yet there is a Remainder of 473999 ; which 


ſhews that the Root in the Quotient is too little; and if you ſhould make the 249 Parts 
250, it would be too much ; and if you ſhould proceed farther by adding two _— 
more, the next figure in the Quotient will be 9, and the Parrs would be 2499, and yer 
that would be too lictle ; but as it is, it wanteth not the 5333 part of an Unite; and if 
two Cyphers more were added, it would not want ;;;;;3 part of an Unite; and the more 


Cyphers you add, you ihall come the nearer the true Roor, but never attain it juſtly. 
Example of the Cube Root. 
Let it be required to find the Cube Root of this Number, 23456789. 


© The Number being written down, pointed, and the Cube Roo: extradted, as is done 


in the Example following ; the Cube Root will be found to be 286, and then there will 
be a Remainder of 63133 ; and to find the Roox nearer, add thereto 3, 6, 9, or 12 Cy- 
phers, whereby to attain more Decimal Parts in the Root ; as in this Example, having 
added ſix Cypher to the given Number, go on with your Extraion till you have two 
places of Decimal Parts in your Root ; for it is 286 Integers, and 25 Decimal Parts ; 
which is too little; for that work being ended, you will find a Remainder of 1732359375, 
to which if you add three Cyphers more, there would be three places of Parts in the 
Root ; but this gives the Roor to the ,;3 part of an Unite, and if another were added, it 
would give the oor to the 5575 Part of an Unite, &c. See the Example. 


— 
tagn 


23/456 789000 000 (286.25 
1 26) I'5 456 | Reſolvend 
06 | | AR) 
I]2 
1126 Y SE RT 
I 2 | 
[84 
916 y 4 
i3]952 Subtrabend 
23604)| 1]504|989f | | Reſolvend © 
7 84 a: 2 
23513 | 
 [236[04 Diviſor 
216 | 
30]24 oa» 
Lj41l}2 ES 
« a Ce SER te EI ETOETA 
114417656 f''' | Subtrahend 
2454738) KEE 63133 oooſ_ . | Refolvend _ 
2 415.3818 j} __ 
241547138 | Diviſor 
8 
| wed i3 24-4 
Lack SE TE LIE. 
-4- 449141. 92.H4— '_ | Subtrahend 
245739906) 14]921[072foao| Reſolvend 
LT To [oye "I 
22143 7]3 1.312 [ 
21457|399j06 | Diviſore 
|; 2]146|50 [| 
| 12fj286[566[o 
12|288[712i62 5 | Subtrabend 
Fit. 4/9943 359!375'{000 Reſolv, &c. 
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Part I. 


Of the following TABLE of 
SQUARE id CUBE ROOTS. 


$1. Any Number (not exceeding 1000) being given, to find the Square 
: and Cube thereof. 


Let 446 be the Number given; find this Number in the firſt Column of tlie Table, 
( under the Title Roo, )) and againft it, in the ſccond Column, ( under Square, ) you 
ſhall find 198916, which is the Square of 446: and againſt the ſame Number in 
the third Column, ( under Cabe,,) you ſhall find 88716536, which is the Cute of 


446: 


$2. Any Number (not exceeding 1000000) being given, to find the Square 
Root thereof. 


Let 232324 be the Number given; look in the Column of Squares, till you find the 
given Number, the Number which ſtands againſt it on the left hand (under Roor ) is 
the Square Root thereof: ſo if you look for 232324 in the Column of Squares, againſt 


+ you ſhall find 482, which is the Square Koor of 232324- 


F 3. Any Number (ot exceeding 1000000000) bein given, to find the Cube 
| Root thereof. 


Let 700227072 be the Number given, look in the Column (under Cabe) till you 
find the given Number, and right againlt it 1n the firſt Column ( under Roo )) you 


ſhall find 888, which is the Cube Roor of 700227072. 


nd in this Y $2 es 7 foe oo, 
And in this Cy A IE 7569 48303 
manner you< 1 1.2 dg" 6d 12944. 4p wer 1404928 
may find 276 we 96176 21024576 

844 712336 6012115834 


$ 4. The find the Square Root of a Vulgar Fraction. 


Find the Square Root of the Fraition's Nunerator, and that ſhall be the Numerator 
of the Roor ; alſo, find the Square Roor of the Frattion's Denominator, and that ſhall 
be the Denominator of the Roor. Dn | 

Ler ,z; be the given Fraftion. 


27s 


The Square Root of 49 is 7, for the Numerator; and the Square Root of 28g is 17, 


for the Denominator : So that the' Square Root of 543 is +5. 


$5. To find the. Square Root of a Mixt Number. 


Reduce the Afixe Number into. an Improper Frattion; then, the Square Rooe of the 
Numerator ſhall be the Numerator of the Root; and the Square Roor of the Denominaror 
ſhall be the Denominaror of the Root. " Wo 

Let the Mixt Number, being reduced into an Improper F ration be 2000 
The Square Root, of $281 is 91... for the Nameraror of the Roor ; and the Square Root 


of 25 is 5, for the Denominator of, the Root - So the Square. Root of **3; is *3, or 18 }. 
$6. To find the Square of a Fraction. __ 


The Square of the Numerator of the Fraiqn ſhall be the Numeraror of the Square; 
and the Square of, ;the Denominazor of the: Fraction ſhall be the Denominator of the 


SGaare. ; 
Let the FraCtion given be 4 & MY Rh 4 | 
The Square of 657 is 431649, for the Numerator of the Square ; and the Square of 


876 is 767376, for the Dexominator of the Square - So that the Squzre Roor of the 


[ ratt lon Y _ is 335378 . 
» # ® 
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S -. To find the Square of a Mixt Number. 


Let the Mixt Number given be 264 5, which, reduced mto an Improper Fraction, 
fs LEON . 4 . 
The Square of 794 is 639436, and the Square of 3 is 9: SO the Square of the Mixt 
Number =} is £25335, which is 200145 z- 


68. 7o find the Cube of a Fraction. 


The Cube of the Numerator of the Freition ſhall be the Numerator of the Cube; and 
the Cube of the Denominator of the Frattion ſhall be the Denominaror of the Cube. 
Let the Cube of the Fraftion ;373 be required. : 
The Cube of 17 is 4913, for the Numerator ; and the Cube of 236 is 55696, for the 


Denominator : And ſo the Cube of 557 IS 35257) 


$ 9. 7o find the Cube Root of a Fraction. 


The Cube Root of the Numerator of the Fraftion, ſhall be the Numerator of the Roo ; 
and the Cabe Roor of the Denominator of the Frattion, ſhall be the Denominator of the 
Root. 

Ler the Fration given be qry3or. 

The Cube Root of 2744 is 14, which is the Numerator of the Cube Root ; and the 
Cube Root of 438976 is 76, which muſt be the Denominator of the Cube Root + So that 
the Cube Roor of the Frattion ;3355 15 74- | | 


$ 10. To find (nearly) the Square Root of a Number #ot Square, or incom- 
menſarable to its Root. 


| If you cannot find the Number given in the Table, find the neareſt Square Number that 
is leſs, and note what is the Roor ſtanding againſt it ; which ſet down as the true Root - 
then double this Roor, and add 1 unto it, ſo ſhall that be the Denominator of a Frattion ; 
then ſubtraCt the Number in the Table from the given Number, and the difference ſhall 
be the Namerator to the former Denominator. . 
Let it be required to find the (neareſt) Square Root of this Number 33138. 

In the Table you cannot find this Number ; but the neareſt leſs than it in the Tablc 
is 33124, whoſe Roor is 182, which Roor ſet down as the Root ; then double this 
Roor, and add an Umte to it, and it will be 365 3 which muſt be a Denominator ; Then, 
the Difference between the Number in the Table 33124, and 33138 the Number given, is 
14, which muſt be the Numerator : And then will the neareſt Square Roor to 33138 the 
given Number be 182 3x. | | 


S 11. To find (xearly) the Cube Root of a Number not exafly Cubical. 


If you cannot find the Number given in the Table of Cubes, take the neareſt Number 
to it which is leſs, and ſet down the Roor of that Number ; for the Integral part of the 
Rooe of the given Number : Then ſubtratt the Number found in the Table from 
the Number given ; for that difference is the Numerator of the Fraftion of your Roor. 
Then to find the Denominator, multiply the Roor by 3, and adding 1 to the Roor, mul- 


tiply"it by the Triple of the Roor, this laſt Produ# (an Unite being added to it) ſhall be. 


the Denominator of the Fraijon of the Root. 
Let it be required to find the (neareſt) Cube Root of che Number, 4289 3. 
footing into the Table of Cbes for the given Number, you cannot find it there, but 
the neareſt to it leſs, is 42877, whoſe Cube Root is 35 ; which ſet down: T hen, the 
Difference between 42893 (the given Number) and 42877 (the Number in the Table) 
is 16, for the Numerator of the Fraftion of the Root. Then to find the Denominator, mul- 


tiply the Root 35 by 3, the Produft will be 105; then add « to the Roor, meking it 


36, by which multiply 105 and the ProduCt will be 3785, to which add an Unite, 
and it will be 3781; and 1s the Denominator of the Frattion of the Cube Root : So that 
the neareſt Cube Koor of 42893 is 35 3135. 

Let this ſuffice for the Uſe of the Table. 
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Square and Cube 
ROO®O I Ss, 


From 1 to 1000. 


Or ts 0 OI POT, TOY 


RAM RHREHALO x," MARRED NIC SPY 12, ae ry 4p 
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Root | Square | Cube | | Root | Square Cube | | Root | Square | Cube 
OS I I 26 | 676 17576 ſi 2601 | 135651 
2 4. 8 27 729 19683 'F2| 2704 140608 
3 9 27 28 784 21972 53] 2809 148877 
4] 26 64 29 | 84x | 24389 54] 2916 | 157464 
5 25 I2F 30 g00 | 27000 FF] 3025 167375 
”S 36 216 31 961 29791 F6| 3136 I75616 
7] 49 343 32 | 1024 | 32768 57] 3249 | 185193 
8| 64 FI2 33 | 1089 | 35937 FS] 3364 | 195112 
9] 81 = | | 34] 2 1 59] 3481 | 205379 
Io | Too | Iooo 35 | 1225 42825 60] 3600 | 216000 
11] 121 331 36 | 1296 48656 6I| 3721 216981 
I2 | 144 1728 | 37 | 1369 Fo653 62 | 3844 | 238328 
13 | 169 2197 | | 38 | 1444 $4872 63] 3969 | 250047 
14 | 196 2744 | 39 | 1521 55419 64] 4096 | 262244 
IF | 225 3375 | | 40 | 1600 |_ 64000 _65] 4225 | 27462 __ 
116 256 4096 |! | 41 | 1681 68921 66] 4356 287496 
17 | 285 4913 42 | 1764 | 70488 67] 4489 | 300753 
18 | 324 F832 43 | 1849 79507 68] 4624 | 314432 
I9 | 361 6859 44 | 1936 | 35184 69] 4771 | 329199 
20 | 400 8000 45 | 202F 91125 70] 4900 | 343000 
21] 441 9261 46 | 2116 97336 | 7I| Fogl 357911 
22 | 484 10648 47 | 2209 | 103823 72] F184 | 373348 
23 | 529 I2167 48 | 2304 ITogg2 | 73] 5329 389017 
24 ſ76 | 13824 | 49 | 2491 | 117649 74] $476 | 495224 
( 25 1 675 IF62F5 fo | 2500 I25000 75 | 5625 | 411875 


£K00t 
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Op om Square | Eee | Row] Spore )" "Cole. | [os | Cote 
76] 5776 | 438976 131] 17161 | 2249091 186 345290 "> pM 
27| 5929 | 456533 | [132117424 | 229996> 1901 34999 Lit 
78] 6084 | 474522 133 17689 | 2352637 01.35 344 64-4672 
79| 6241 493939 134 17956 2406104. 189 WE72 > owt 
89] 6400 F12990 135] 18225 | 2460375 190] 36190 | - _ 
2 cer ti 421441 136118496 | 2515856 191] 36481 | 6957871 
82 6524 $5048 137115769 | 2572353 op $R20k + {lavajn 
83] 6889 F71787 138| 19044 | 2620072 193 $7249 Prng oF 
84] 7056 | : 592604 139} 19321 | 2685619 194 3763 139x354 
85| 7225 | 614125 | [149|19600 | 2744900 | 1I9ff39025 | 741497 
86 7396 " 636056 141] 19881 2803221 196 Z5416 7529536 
87] 7569 648303 142|20164 | 2864288 197 38809 ' FS 
88] 7744 681472 143|20449 | 2924207 198 39204 7762392 
89| 7921 | 705669 144|20736 | 2985984 199} 39601 | 7880599 
90] 8100 729000 145|2102F 3927524 200440000 | Booocowo 
'91| 8281 753571 146|21316 | 3112136 2011 40491 8120601 
92| 8464 778688 I147|21609 | 3176523 202] 40804 | 8242408 
93] 8649 804357 148|21994 | 3241792 203|41i209 | 8365427 
94| 88536 830584 149|22201 | 3397949 204] 41616 | 8489664 
95| 9025 | By7375 I5o|22500 | 3375000 | J205|42025 | 8615125 
96 9216 884736 IFI|22801 3442951 406] 42436 | 8741816 
97| 9409 915673 152|23104 | 3511808 207142849 | 8869743 
98] 9604 | 941192 153]234099 | 3581577 208| 43264 | 38998912 
99] 9801 979299 I54|23716 | 3652264 2091 4353I | 9129329 
tool Iv00o0 | Ivo0000 I5F| 24025 3723875 _ 210] 44100 9261000 | 
Tlor| 10201 | 1030301 156|24336 | 3796416 211{44521 | 9393931 
Io2| 10404 | I061208 I57|24649 | 3869893 212144944 | 9528128 
103] T0609 | 1092727 158|24964 | 3944312 213145369 | 9663597 
104| 109816 - 1124856 IF9|25281 | 4019676 214[45796 | 9809344 
ro5|Ito2g | 1157625 160|25600 | 4096000 215146225 | 9938375 
106|11236 | 119I016 I61|25921 | 4173281 216|46656 19977696 
I07| 11449 | 1225043 162|26244 | 4251528 217|47089 | 10218313 
108] 11664 | 1259712 I63| 16569 | 4339744 218|47524 | 10360232 
109| 11881 | 1295029 164| 26896 | 4419944 219147961 | 10503459 
ITio| 12100 | 1331000 I65|27225 | 4492125 220|48400 | 19648000 
In 12321 1367631 166|27556 4574296 221;48841 | 10793861 
112] 12544 | 1404928 167|27889 | 4657463 22249284 | 10941048 
113} 12769 | 1442897 168| 28224 | 4741632 223149729 | I1089567 
114] 12996 | 1451544 I69| 28561 Þ 4826809 - 224i50176 | 11239424 
115|13225 | 1520875 170]28990 | 4913000 225|50625 |11390962F 
116| 13456 I560896 I71| 29241 FOOO2LI 226{510976 |11543176 
I17| 13689 | 1601613 I72| 29584 088448 227|51529 |11697083 
118] 13924 | 1643032 173129929 | 5177717 225151984 | 11552452 
119] 14161 | 1685159 74|30276 | 5268024 229|52441 |12008989 
120| 14400 | 1728000. 175|30625 | 5359375 230|52900 [12167000 
I21| 14641 I77IFGI 176| 30976 5451776 231] 53361 | 1232639 
122| 14884 | 1815848 | [177|31329 | 5545233 | [232|53824 12487168 
123|I5129 | 1860867 | [17831684 #639752 233] 54289 | 12649337 | 
I24 I5376 1906624. I79|32c41I 35339 234 F4756 1281 29094 
I25 I562F 195 3125 180 32400 5832000 235|55225 12977875 
126| 15876 | 2000376 181] 32761 | 5929741 236|55696 |13144256 
I127| 16129 | 2048383 I82| 33124 | 6028568 237] 56169 | 13312053 | 
128] 16384 | 2097172 183] 33489 | 6128487 238| 56644 | 13481272 
I29| 16641 | 2146689 184| 33856 | 9229504 | 239] 57121 [13551919 
130 169co | 2197000 ISF | 34225 6331625 240| 57600 [13824000 
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45118015 


50553080 


__$4872000 


$9 (9) 


Cube © 


45499293 
45882591 


* 47045887 
47439928 
47532147 
4922854 
_43627129 
45027896 
49439853 
45836032 
$92243409 


$1064811 
51478848 
$1895147 
52313624 
nn 52734375. 
53157375 
$3582633 
$40Iclg2 
54439939 


| 


| 


| 


| 


| 


' $5396341 
55742958 
$5181887 
$6623104 
—570SEG25 
$7512456 
$7965c603 
58411072 
588538659 
—S$319000 
$9776471 
60236288 
6-698457 
61162984 
E290 
67099135 
62570773 
63044752 
63521199 
__ 64000000 
64381201” 
64964808 
65450827 
65939264 
_ 66430125 
65523416 
67419143 
67517312 
68417925 
_ 68921000 
65426531 
69934528 
70444997 
1295794 
7147337 


-——— 
Part I Natural, or Vulgar, ARITHMETICH. 
| Koar Square Cube Roor| Square ) Cube [Roor] Sg Square 
241 | 58081 | 13997521| [296| 87616| 25934336 | |355 | 126736 
242| 58564 | 14172448 297] 88209| 26198073 357 | 127449 | 
27] 596491 14348907| |298| 88804| 25353592 | | 35, | 12gag 
244| $9936 | 14526784 [299 89401 |" 2p | 
245| 60025 | 1470FI2F 300| 9Yyooo0O 27000000 361 <=, 
246| 60516 | 14886936 3o1| gobor| 27270 $02] 770008 
2fo| 61309 | 25069223] [3oz] 91204] 27543608] [352 | rage: 
248| 61504 | I5252992 3093] 91809| 27818127 75s 133225. 
249] 62001] 15438249 304| 92416 | 28094464 365 | 133956 
250 62500] IfF62500G 305 | 93025 | 28372625 307 134689 
251] 63001| 15813251] [306] 93636| 28652616 af es >} 
252| 63504| 16003008 307| 94249| 28934443 370 | 135900 
253] 64009 | 16194277 308| 94864| 29218112 371 | 137641” 
254] 64516| 16387064| [399] 95481 | 29503629 372 | 135384 
255] _SFo2y I6581375 310| 96100| 29791000 %. = 
a obo. 5 
256 " 536 =o 311] 96721| 3oo80231 | [335] 42925. 
257] 66049] 16974593| |312] 97 04391328 | [377 | 141376 
258 66564 I7I73FI2 313 de. btn a 142129 
2:9] 67081 | 19473999| [314] 98596| 30959144] - [379 | 145667 | 
260 67600 17576000 315| 99225 31255875 380 | 144400 
261| 68121| 17779581 316 99866 —_— 381 | 145161. 
262] 68644] 17984928| [317] 100489| 31855923 | [363 | 122268 
263 69169 18191447 318 IOII2 22009 3 334 rH 
264| 69696| 18399744| [319] 101761 2 2 385 | 148225 
265| 70225 | 18609625 | |320] 102400| 32768000 | | 387 | 148996 
266 70756 18821096 321| 103041 33076161 388 _ 
267] 71289| 19034163 322| 103684 33386248 389 152321 
268| 71824| 19248832 3 , 3 ws 33698267 399 | 152100 
269| 72361| 1946F109 4 ws 34012224 391 | 152881 
270| 72900 | 19583000 | | =| = any | 1995 | 250088 
—_ Gs 2 Io | "*” I 
27I| 7344T] 19902FII : 27 — Lame v4 394 $4 ; 
272| 73984| 20123648| |328] 107584 | 35287552 395_; 156025 
273| 74529| 20346419| (327 rg 35611285 399 — 
274| 75076| 20571024 [22 —2> | 35937920 50g | 159669 
275| 75625 | 20796875 | |337| 199561 | 26264691 | | 359 en. 
276] 76176| 21024576 m_ eee. 30594368 222." 160000 
277] 76729] 212 r10224 | 35926037 | [491 | Toole 
729 3933 334 9g 3725970 492 | 
278] 77284| 21484952| [335] 111558 37595375 422 | 26008 
I 77841 2171763 Q 336 I12225 | 37933056 994 1632 
zbo]_78g00| 21952000] [337] ralgs | 3nangs | | 45g" ane 
281] 5806 35699 | 3861447: 164836 
294 Wants Lon 109 4 BY E544 Mayes 38958215 427 | 165649 
79524| 22425768 340| 114521 ES 408 | 165;6 
283 80089 22665187 ng 39304000 409 hes 
284| 80656 | 22906304 341 115600 | 39651821 410 | 168100 
885| 8122 25. 4 aA nagrih 40001688 £11 | 168921 
= _v1225| 23149125 343 OY 40393607 412 | 159744 
= SIM 23393556| j327 110228 | Ro 413 | 170569 | 
: 7 2369 23539903 NI 41063625 414 171396 | 
288] 82944| 23893872 | |345| 119925 | 41421730 2-5 173225, 
289 83521 24137 6 347 119716 41781923 41s 173055 
2 j09 348] 120409 21 417 | 1 . 
290 84100 24389000 240) I2tnod pr 44192 my 173885 
_— ej 24642171 3 50| 121801 FF 419 HE 
2 #264 24897088 oO 420 | 1764c0 
351] 122500 ; of 
"97 85849 25153757 352| 123201 _ oo 177211 | 
94] 86436] 25412184 353] 1239c4 | 43586577 4 75004 
295 85025, 25672 354| 124609 4435185 WES 178929 
12375 355! 125316 | | 9244 
447388975 ! |! 425 | 180625 | 
M 


71591295” 
72511713 
73034632 


74518461 
75151448 
75685557 | 

75922524 


76765625 _ 


Root 


Cursus MaTHEMATICUS. 


I” Ie nm 


Book I 


Square moos mw Square | 56 | 
| u 54” © 
en eel (are rinks] [roi ma 
426 181476 77308776 vr 232324. naps ” 289444 155720872 
427 182329 77854493 22; 233289 [112678587 _— 290521 | 156590819 
428 183184 7909275 484 | 234256 TIES  PROY 545 291600 | IF7464000 | 
429 er 79953509 485 | 235225 [114084125 Es <ul 158340421 | 
430 184900 4. had Anau 9G 236196 I14791256 [+ " G _—_— 
431|185761| 80062991] | 486 69 [115501303 {5421293764 Re 
431 I F7 681] 487 2371 9 5 8 294549 IGO1s. 3 
| 826215 621 272 = c 8, 
433]187489| 81102737 89] 239121 | 116930169 ++ 297025 16187 $625 | 
34|188356| 81746504 þ o| 240100 | 117649000 | * Fs — —_ er 
4 189225 82312875 i £ Sod 118370971 , $46 (298116 16277133 
HY "82881856| |491] 241081 | 1183” 88] | 547299209] 163667323 
436] 190096 492] 242064 | 1190954 5481300304] 164566592 
437 190969 03493453 493| 243949 Ty 749301401 I65469149 
4381191844 | $4027 4 494| 244036 a} } Las. $ 0} 302500] 166375000 
| 439 I92721T 846045 9 9F | 24502F I21207375 )' 6528 IF1 
440] 193600 | Lite 496] xacond 12223936 LEE 168196628 
6.0 pj, ANNE: - | ” 2 ?0 dS) 
441194487 | 85766121 497| 247009 | 122763473 Ba 305809| 169112377 
442|195364| 86350 en pens pt tinung F964 brig 4 
4431196249 | 26935397 > $i Pet pow pot 2 ed Df 170953875 
444|197136| 87528384 00| 250000 | I25000900 23943 171859616 
445 |198025| 88121125| | 500 oor | 125751501 5561 399136 de wh 
446| 198916 88716536 Avi hai 126506008 | AF +2488 4 © mioyet- 
447] 199809 | 89314623 > 253009 [127263527 ry 2 SI | 174676879 
448| 200704 | 89915392 _ 254016 | 128024064 FER "64-1 Lye6r6000 
449 201601 90519849 oF 255025 I28-87625 290 $34 ; oe S1 
450]202500| 9gII25o00 Y a ger 129554216 611314721] 1765 4 s 
— 91733851] |506| 25603 2 562[315844 | 17750432 
6a (nh þ 4 hh F075 257049 | 139323v48 631316969| 178453547 
CEEr3t +. |yob| a5dcas [131096578 "9464 pln oF pj 
5 et huge. 0 444444 Fog | 259081 [131872225 $5. « hoy 188262125| 
454 406116 93576 4 FfIO 260100 132651909 12113 2 G 
$599 207024 | 294126375 511 261121133432831| |566|320356 - 4p 
456| 207936 94818816 en 2621.14 134217728 F072 - + - no h4; 
457| 208849| 95443993 F13| 263169 [135005697 4s ” 6I| 184220009 
453 209764 | 190071922 F14] 264196 | 135796744 "owl - 44a 185193000 
459|210681| 96702579 15] 265225 [136590875 j 7013249 
460|211600 97336000 BS] _ 6 137388096 571 326041 196169411 
I "97972181 |516 2068791 737 721327184 | 187149248 
46T|212521| 9797 HA aft beoimpan ol} 16 2 88132517 
4621213444| 98611128 Ns 268324 | 135991832 bes 2am pr ronag 
463]214369| 99252847 oy 269361 [139798359 din et 3 I Hxionk 
464|215296| 99897344 1 270400 | 140608000 )/3 [33002F [19 
CY SLOSAE PRSNL4482ET | F220] 270400 20761] 1{$76;331776|191102976 
ad) 101194696 J2T 271441 1414207 myo | 32929 I921C0033 
466 — ! gores g22| 272484 hn 09 3 HA 4 I931I005F2 
67] 218089 | 10 73529 143055667 bd 54.0 OMIA 
pl rpg 102503232 bn, pL es. apt 1791335247 402-24 48.26 
69] 219961 | 103161709 Hap you 144703125 501336400 | I9511200 
+1 nt $gS23oco] [525 —EEET 145531576] [5811337561 | 196122941 
« 0 & | To 87111 F26 27667 45F53 " 82! 8724 197137368 
471|221841| 1044 2 271277729] 146363183] | 582133872 $6 AG ANI 
472| 222784 *; poo ad 278784 wh. ab hy Fr WW nh. hea 
ICF v9 ; 4 elf 
$74|224676| 196496424] | $29] 27941 | 1403580, 585|342225 200201625 
EET | £32] 250900 [148077000] Jokg 396 | 201230056 
7g nan | nop173975] [530 61|14972129r| | 5861343396 3 
476|226576| 107850176 Ele ws £68768 5871344569 | 292262003 
1 4 3 Et44] BE am ey dirny pkg hoes PL 491293297472 
478| 228484 *: vaoehe $34 285156|152273304 | | 589 = aogone 
I | 1099922 35 | FYOI 2458100 ) 3 / Jv 
4 044.0) | 4: haaan4s j35 ans. 329297) | 04 


Rot 


£4. AGO 


4ay v YO 


Part [ Vatural, or Vulgar, ARITHME = : TS. 
117 qaare - be — 
My Ln} ——— 576. 419316 [269586136 701[491401 34447210T | 
C 319281 2” Sango7, 6 d pads 270840023 7021492804 345948408 
359464 FS eve 648 4199094 | 272097792 1231494209 347420927 
hoes 4 4 5 7 / 649. 421201 273359449 704 495616 349913664 
152836 98454 650 422500 254625000 725 [497225] 359402625 
ſeas ets 651 423801 [275894451 | |796|498436| 351895816 
[355216 643 Sa 6, 125104 [295167898] [5071499849 | 3533 93243 
356409 | 2127701 Gen! ' 426499 | 278445077 j708|501264| 354394912 
257604 |213547192 ps | 427716 279726264 709| 502681 | 356400829. 
1358801 "e799 6551429025 281011375 710{504100|3ZF79TIooO 
260000 F3I8900000 | | Of F pF EZ E) ECT TEEEEE A —] —— 
; Ano A |6 - 0336 282300416 -F71I FoOf 21] 359425431 
361201 |217981801 [656 = 9|283593393| 1712|556944 | 360944128 
262404 218167208 J7 I: 121508269 | 362465095 
TY -| |6581432964 |284890312| |7131508369 | 362467097 
363609 |21925622 San 9-9 79] [7141509796 363994344 
7 26a 886 659 | 434281 |286191179 /141509790 | 3939943 
pos mw 660 | 435600 | 287496000 JIFIFTI22F 365525875 
36602E | ESI449T25 || [ONO 229 DE [= 367061696 
65236 |222545016| [6611436921 |288804781| |716| 512656] 367061696 
367236 |22254F016 yn 8244 | 290117528 717| 514089 36860181 
368449 [223040543 663 439569 291434247] |715|515524 370146232 | 
Pele 297"2| [c64|440896 [2927honet. [7ioleretiidoaors 
370881 | 225866529 PP 442225 | 294079625 720|518400| 373248000 
272100 2269SIOCO O05 | = _ —1==—=- 74005767 | 
292221 228099131 666 443556 "NINN 29 bh q y 9 + 56 6- g 
3=4544 [229220928 | |667| 444889 [296740963 | |722| 521284 | 37636704 
3/49 44 = "5 668 | 446224 | 298077632 723] 5$22729|377933267 
31375769 wh ey” 66 447561 | 299418309 724|524176|379593424 
376996 231475544 y, at ”2 2062 8107812 
378225 | 232608375 70 | 448900 | 300763000 725| 525625] 39107012F 
/ 1 L a ea ar; Rn 726|c25 382657176 
——— G ſo241 [302111711 726]527076| 358265717 
Pe a iza| |6r0045x5004 [203008 528529 | 384240583 
380689 | 234 wk pl HR. e964 529984 | 385828352 
0908 = Rn uh —_ 454276 | 306182014 531441| 387420489 
161|23717 - 
384400 |238328000| [655 455625 [37546875 (32900 369ornens 
385541 p19 4p a pete 7 road Bas mat ber 
pays net 658 459684 311665752 537289] 393832837 
SLE! (co (46:04 ann 538756| 395446904 
bed far! 14 195 14, 62400 | 314432000 ſ49225| 397265375 
390621} 244240625 | 1650 | 422402 1208 : — 
391876 245314376 6811463761 315821241 541696 NTT ag6 
/ 2) C fs) 
393129| 246491883| |682|465124 31700 5431709 4993 $553 
84| 247673152 683 | 466489 | 318611987 #44644 | 42194727 
45 2 $8+8189 684 | 467856 | 320013504 #461211|4923553419 
boca abs 685 2 10 42008 [ 
loads adiaddror 82885 j 4900T | 400509021 
398161 | 251239591 686 470590 | 322 A  ger388 
eos raeergo| [688473348 jagotorga | [ada lerargd eotnton 
CEE | [trans 27082769 53536 [411830784 
e"IFE E304 a 3 6100 . 8509000 - 55025 | 13493625 
5 [403225 | 256047875 | [6590 Ln ao Ons F745 = . 4 2 
— i: a * QC IFl OJ 
404496 | 257259456| [69114774011 339939371 FF6516 [4 
: Wa . 8864 331373888 558009 | 416832723 
71425769 | 258474853 692 | 47 33137 ) 5 2468- 
pets aro6oyera| [993940299 |ahaBrargn [748 erotog|a18gadogs 
ae won 12a 4a. 8302 - 62500 | 421875000 
409600 | 262144900 695 [493225 [335792375 {$02F0014 ) 
ag yore 263374721 696 | 484416 337153536 564001 423564751 
Rb be ene A biel een] 
A di54e _— $ 6 2886 2 __ 209 |>-686 16 428661064 
414736 | 267089984 99 | 49000TI | 341532099 a bs J E889 
41602F | 26833612F | 7001 490000 | 343000000 | Fi F7co2F1[4303600975 


M 2 


Rot 


| 
Cursus MaTHEMATICUS. Book [ 
+475 Z aa | 
Root Square Cube | | Roor| Square ve - | | 
= | . = 6 _ runs $33411731| |866]7499561649416896| | 
756|571536' T1. on Bs 659344 535387328 867]751689|65171436z 
791973042 (222770121 8x31 660969 | 537367797} [868|753422|653972032) | 
7581574564 433579)! 814|662596 [539353144] |869]755161|656234999! 
759| 576081 | #1 nu4/>hhet py. 664225 [541342375 8-0 [556900 | 658503500 
769 F2 wes þ 5 Lands ; 496 8751 558641 660776311 
761 21|440711081] |816] 665856 |$4333849 4 £6 hae. 3 | 
761|579121 | 44 228] |817| 667489 | 545338513] |872|760384|663054848 | 
ay Bane 444194947 818| 669124 | 47343432] [873|762129]665338617 | 
703 4. 65056 259 874 |[763876]667627624 
Ne brede 249283722] [820 672400 | 551368000] [875 [265625 [669921855 
_y OR | | 674041 | 87661 8761767376 672221376 
ee et] [hea erect ooo] [8720129 arragty 
7 Te - $14 $4832 823|677329|557441767] |878|770884 [676836152 
La q bee 4 4/66 > 55.08 824 | 678976 | 559476224 791772641|679151415 | 
769 -d546 ++ [po 825 680625 FGIFIF625 880 774450 [6814720900 ; 
>a 594495 [458314011 | |826|082276| 563559976] [881776161 | 683797841 
LE GAL Y + 6428 8| |827]|683929| 565609283 8321777924 | 686128968 
73 797529 461889917 828|685584 | 567663552] [553] 779689 |688465 387 
774| 599976 | 463684824 | *|829| 687241 | 569722789 884] 781456 Beee7 304 
775 [600625 | 465484375. 32 S_—_ F7E7020n _ Ht LS 
wa 7 8576 x |690g61 | 573856191 7849 5 
776 reals aaa 832 cotnng 575930368 887 786769 | 697864103 
Ld ro6 lrg 470910952 8331 693889 | 578009537 888| 788544 | 700227072 - 
ks 606841 |472729139| |834| 695556 |580093704 | [889] 790321 702595369 
78|608400 | 474552000 835 697225 582182875 -— 792100 | 704969090 | 
8x | - TAI 61 698896 | 584277056 91 8811707347971 
x ht ta > = Kaas entary 892 edGa 709732288 
8 613089 480048687 838] 702244 | 588480472 8931797449| 712121957 
284 614656 [481890304] 1839|703921 [590589719] |894|799236|714516984 
785|516225 [483736625 | [840[705600 [592704000 | [Bgy borozg 7:6917375| . | 
786 617796 | 485587656 841| 7072811[594823321 896|[8025816|719323136 | 
787|619369| 487443493] [842| 708964 [596947688 | |897|804609|721734273 | 
788| 620944 | 489303872| [843] 710649 [599077107] |898]806404| 724150792 
789|622521| 491169069 844| 712336 [601211584 899|808201| 726572699 | 
790|624100 [493039000] [845 |21402F5 |[6033fII2F| [90c[810000| 729000000 
2911 671 846| 715716 605495736 g9oT|811801| 731432701 | 
792 ap 496793088 347 717409 607645423] [992[813604. 733870808 
793| 628849 | 498677257] |848|719104 [609800192 | [903815459 | 736314327 | 
794| 630436 | 500566184 849| 720801 [611960049 9041817216| 738763264 | 
795|$32025 | 592459875 | [850|722500 [614125000 905 |819025 | 741217625 | 
796| 633616 04358336 851|724201|616295051 906 |$20836 1743677416 | 
797| 635209 | f06261573] |852| 725904 [618470208 9071822649|746142643 | 
798| 636804 | f08169592 853| 727609 [620650477] [908|824464 [748613312 | 
799|©384or | 510082399] [554|729316 |622835864| [909|826281|751089429 : 
800] 6490000 FI2000000 355 731025 625026375 910|828100|75357I000 |; | 
801 641601| 513922401 856|732736|627222016 911|829921|756058031 
802|643204 | F15849608| |857|734449|629422793 912 (831744 |758550528 ; 
803|644809 | F17781627 858] 736164 [631628712 9131833569 |761048497 ; 
8041646416 | $19718464 | |859|737881[633839779| [9141835396 | 763551944] * | 
805 [648025 F21660125 860 739600 | 636056000 915 [837225 766060875 1 
806 649636 | 23606616 SGI |7413211638277381 9161839056 |768575296 | 
807 |651249| 525557943] |862]743044 [640503928 | |917|840889 771095213 ; 
9081652864 | $27514112| [8631744769 [642735647] [918|842724 | 773620632 ; 
Bog + +68 $29475129| [864 Larne 644972544 [919 844561|776151559 | 
810] 656100 531441000 865 | 748225 | 647214625 | 920 8464.0c 778688000 | | 


Root | 


NN Ee NE Mw ets Tas IH 
L b % 


Part I. Natural, or Vulgar, ARITHME TICK. 77 
Pon Squat e Cube Root | Square | Cube Root | Square } Cube 
9211848241] 781229961] [9511904401 860085351 981] 962361 944076141 
922|850084 83577448 9521996304; '862801408 982| 964324] 946966168 
922|851929 5863 30467] |953 908209 {865523177 983| 966289] 949862087 
924. 353776 7888890 24 954 JIOIIG, 868250664 984. 968256 952763904 
925 85625] 791453125 955 [912025 [870983875 : 985} 970225] 955671625 
926 857476]794922776 956 913936 873722816 986| 972196] 958585256 
927859329 796597983] [957 915849| 876467493 987| 974169] 961504803 
928|861184 299178752] [958[917764 879217912] | 988| 976144| 964439272 
929j$63941]801765089| [959 919681 {881974079 989] 978121] 967361669 
920186490018043 $7000 960[921600 188473 5000 990| 980100] 970299000 
9311766761|806954491] |961]923521|887503681] | 991] 982081] 973242271 
932 868624 809557568] |662 925444 i890277218 992| 984064| 976191488 
933|870489|812166237] |963[927369i 893056347] | 993] 986049] 979146657 
934|872356|814780504| |964[929296, 895841344] | 994] 958036] 982107784 
93 874225 817400375] [965|931225 [898632125 995|_990025| 985074875 
936 876096 |820025856| |966]933156{901428696 996] 992016| 988047936 
937|877969[822656953] [967[935089|904231063| | 997] 994009] 991026973 
938; 029044 825293672| |968|937024|907039232] | 998| 996004| 99401992 | 
939\8817211827936019| |969|938961|909853209] | 999] 998001] 967002999 
940]883600|830584000 9701940900 912673000] |r000|T000000]T000000000 
941|8854811833237621] j971 9428411915498611 
942|887364 835896888] [972[944784|918330048 
943889249 838561807] 1973|946729;921167317 
944[8911361841232384| |974[948676, 924010424 
945 |893025|843908625| |975|9506251926859375] | ___ LO 
946|894916|846590536] |976]9525761929714176 
9471896809 |849278123] [97719545291932574833 
948]898704|851971392| |978|956484[935441352 
949|900601 [854670349] [979|9584411938313739 
[9go 902500 |857375000| I980[960400[941192000 
, 
Some 


Cursus MATHEMATICUS. Book I. 


— 


Some USES of 


SQUARE awd CUBE ROOTS, 


In the Solution of 


Arithmetical and Geometrical Problems. 


HE Demonſtration of the Square and Cube Roots, together with the manner how 
T to exrratt the ſame, hath been taught already ; and for the more caſie perfor- 
mance thereof, I have added a Table of Square and Cube Numbers, with their Roors, 
from 1 to 1000 : Some Uſes of the Square and Cube Roors | ſhall exhibit in the ſolution 
of the Arithmetical and Geometrical Problems following, | 


$I. Of the SQUARE ROOT. 


PROBLEM |. 


Admit the highth of the Wall of a Fort or Caſtle to be 30 Foor, and the breadth of the 
Trench about the Fort 40 Foot ; I demand of what length a Scaling Ladder ſhall be, 
juſtly to reach from the brow of the Trench to the rop of the Wall. 

In the 47th Propoſition the firſt Book of Euclid's Elements, it is demonſtrated, that 
the Square of the Hypotenuſal of all right angled plain Triangles is equal to to the Squares 
of the two other ſides ;, therefore to reſolve this Problem, ſquare the highth of the Wal, 
which is 30, facit 900; alſo ſquare the breadth of the Trench, which is 40, facir 1600 ; 
theſe two added together make 2500, the Square Root whereof is 50; and ſo long 
muſt a Scaling Ladder be made to reach from the brow of the Trench to the top of 
the Wal. | 

PROBLEM II. 


There be two Towns, as Chicheſter and York, which lie North and South one from ano- 
ther, and their diſtance is 220 Miles; and Exceſter heth direaly Weſt from Chiche- 
ſter, 120; I deſire ro know the diſtance of York from Exceſter. 

Square 120, the diſtance of Excefter and 

® Exceſter Chicheſter, it maketh 14400; likewiſe ſquare 

220, the diſtance of York and Chicheſter, it 

maketh 48400; theſe two Numbers ad- 
ded together make 62800, whoſe Square 

Root extracted, (or found in the Table, ) 

Chicheſter @& 220 @ York will be 250} near; and ſo many Miles is 

Exceſter diſtant from York. 


PROBLE M II. 


The three Sides of an oblique angled Triangle AB C being given, r0 find the point 11 
the Baſe thereof, where the Perpendicular B D ſhall fall. | 


I2O 
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Square the two longer Sides, AB and AC, and from the ſumm of thoſe 
ſubtraCt the Square of the leſſer Side B C, and divide half the remainder by egoth 
A C, ſo ſhall the Quotient give AD. - 

Example. The Square of the Side AB 80, is 6400; the Square of AC is 10000, 
their Summ is 16400 : Then Square the Side BC 4o, and it is 1600; Which ſubtratted 
from 16400, the ſumm of the Squares of the two other Sides, the remainder is 14809 
the half whereof is 7400; Which divided by AC loo, the Quotient is 74, for A D; 
unto which point D, the perpendicular B D muſt be drawn. T; ; 
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PROBLEM IV. 


To find the Length of the Perpendicular B D, in the former Triangle AAC. 
From the Square of AB 6400, ſubtraQt the Square of AD 5475, the difference is 
942, whoſe Square Root 30 7x, is the Length of the Perpendicular BD. . - 


PROBLEM \N, 


The Diametre of a Circle being given, tro find" the Area, or ſuperficial Content 
thereof. | 

The — of the Square of a Cirefe's Diametre, is to its Area as 14 to 11 
wherefore ſquare the Diametre of xthe- given Circle , 4nd multiply that by 11, and 
divide the ProduCt by 14, the Quotient ſhall give the Axa. : | 

Example. Let a Circle's Diametre be 21 Inches, = Square thereof is 441 ; which 
multiplied by 11, the ProduQ 1s 4851 3 which divided by 14, the Quotient will be 
346 2, for the Circle's Areay- whoſe-Diametre.is"ZT Inches: 


PROBLEM Vi © © Leg 
The three Sides of an oblique angled plain Triangle 4eing giver, ,rg- for: bow far: y 
Perpendicular, ler fall from an acute Angle, ſhall fall without rhe Triangle. 
Ly VO RY 
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Let the Triangle be ABC, whoſe three Sides are AB 80, AC 4o, and BC 109; and 
let it be required to find the Point D, or-the length, of AD. 
From the Square of B C 10000, ſubtract the ſumm of the Squares BA 6400, and 
CA 1600, which is 8000, and the remainder is 2000, the half whereof 1000, di- 


vide by A C 49, the Quotient will be 25, for the diſtance AD. | E 
PROBLEM VI. © £ : 
To find the Length of tbe Perpendicular B D of the former Triangle.” 7H 


From the Square of BC 10000, ſabtraCt the Square of the ſumm of CA and A D, 
(viz. 65,) af the remainder is 5775 ; whoſe Square Root is 75 x55, for the Length 


of the Perpendfcular B D. 


PROBLEM VIll. 2 OWED _ 
If « Mountaiy be ove Mile (or 5280 Foot} high, how far may that Mountain be leh 


upon plain Grtand, or at Sea ? \ FL. EE CET —-—j 
The Semidiametre of the Earth is found to be 3436 Miles, to which-add one Mile 
for the highth of the Mouggain, the ſumm of them is 3437, whoſe Square is 11812969, 
from which ſubtraCt the Square of 3436, the midjametre-+4806096;-THE" remaind 
will be 6873, whoſe Square Root is 82 555, that is, almoſt *&3 Miles ;, agd ſo far meh 
that Movintain be ſcen at Sea. [9 þ--N : 


- 
— —_—  ..- 


PROBLEM IX | 5, COR 


The Semidiametre of the Earth being allowed ro be 3436 Miles, ant Mountain 4 
Sea is ſeen at 83 Miles diſtance ,, How high 5s thar Mountain ? \ O£07 | 

| This is bur the converſe of the former Problem ;, for the;Square of 3436 { the Semi; 
diametre) is 11806096, the Square of 83 is 6889, their ;ſumm is 11812988; whoſ 
Square Root Is 3437 5174, from which ſubtraCt 3436, ( the'Semidiametre, ) there-rells 
I-19; that is 1 Mile, and a little more, for the highth of the Mountain. XJ 
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PROBLEM MX. 


Two Ships, R and S, ſer ſail together from the Port P ;, the Ship S ſails from P North 
:0 S, 73 Leagnes;, and the Ship R ſails direftly Weſt, from Þ ro R, 47 Leagues; How 
far diſtant are theſe two Ships one from the other ? 


47: 


P 73» "= | 
The Square of P'S 73 is 5329, and the Square of PR 2209, their ſumm is 7533 


tlie Squate Root whereof is 86 45; 3 and fo far are the two Ships R and S diſtant. 


PROZLEM XL © 


There is a Square Piece of Ground, which contains 144 Perches; 1 would have another 
Piece of Ground, exattly Square alſo, which ſhould contain 288 Perches ; How many 
Perches long was the Side of the Wall that contained 144 Perches, and how many 
Perches long muſt the Side of the Wall of that Piece which 1s t0 contain 288 Perches 
be ? 

The Square Root of 144 is 12, and ſo long was the Side of the Wal! of the leſſer 

Piece : The Square Root of 288 is 16 43, ( which is very near 17;) and fo long mult 
the Side of the Wall of the greater Piece be. 


PROBLEM XL 


If a Pipe of 3 Inches Djametre will fill a Veſſel of Water in one hours time, of what 
Diametre muſt a Pipe be which will fil the ſame Veſſel in half an hour ? 
Multiply the Diametre of the Pipe given in it felf twice, which added together 
make 18, the Square Root whereof is 4 3, for the Diametre of the Pipe that will fill 
the Veſſel in halt an hour. | 


PROBLEM XIII 
Between Two Numbers given,” to find 4 Mean Proportional). 


Multiply the two Numbers together, the Square Root of the ProduCt ſhall be the 


Mean Proportional ſought. | 
Example. Let the Numbers be 48 and 12, their ProduCt is 576, whoſe Square Root 
24 is the Mean Proportional between 12 and 48. 


PROBLEM XIV. 
To makg a Square Two, Three, Four, or more cumes greater than anather Square given. 


Area? Let the Side of a given*Square be 10 
—_ | and let it be required to make three 0- 
4o © ther Squares to contain double, triple, 


and quadruple the given Square. 

The Side of the given Square being 10, 
the content thereof is 100, the Double 
whereof being 200, the Square Root 
whereof is 14 ;{, the Side of a Square 
containing 200; the Treble thereot be- 
ing 300, the Square Root* thereof is 17 
37, for the Side of a Square containing 
300, then Quadruple it, and it is 4co, 
whoſe Square Root is 20, for the Side of 
a Square whoſe content is' 400 ; and al- 
though the Side 20, be but double the 
Side 10, yet the content of the Square is 
four times as much, as in the Figure. , 
— An 
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And what is here ſaid of Squares, the ſame may be 
done in Circles; tor, having the Diametre of a Circle, 
you may find the 4:ea by the fifth Probl. And ſo the 
Piametre of a Circle being 9 Inches, the Area thereof 
wiil be found to be 33 35} : Then for a Circle that ſhall 
contain double as much, namely 76 55, ſquare the Dia- 
metre 7, and it is 49, and the douhle thereof is 98, the 
Square Root whereot 1s 9 7;, for the Diametre of the 
Circle whole Area is 76 ;5: Then for the Diametre 
of a Circle which ſhall contain three times as much, 
73z. 114 ;*, multiply 49 by 3, the Product will be 
147, whole Square Root is 12 ;j, for the Diametre of 
23 Circle whoſe Arca {hill be 147 : Then for a Circle 
that ſhall contain 152 {?; multiply 49 by 4, the ProduZt will be 195, the Square Root 
whereot is 14, for the Diametre of a Circle which contains four timzs as much as that 
whole Diametre was 7. 

; PROBLEM NV. 


If one Fathom of Cable, whoſe Compaſs about is 10 Inches, do weigh 17 Pound, how 
much jhall cne Fathom of Rope weigh, whoſe Compaſs or Circumference 1s 8 Inches ? 
The Proportion to reſolve this Problem is, ; 
| As the Square of the Circumference of the Cable given, 
Is to the Weight of one Fathom thereof; _ 
So is the Square of the Compaſs of Rope required, 
To the Weight ot one Fathom thereof. | 
Thus the Square of 10 Inches is 100, and the Square of $ is 64 ; wherefore multi- 
ply 64 by 17, the Product will be 1088, which divided by 100, the Quotient will be 
10333, for the Weight of one Fathom of that Cable whoſe Circumference is 8 Inches. 


PROBLE M1 NXVL. 


If one Fathom of a Cable whoſe Circumference is 10 Inches, do weigh 17 lb. of what 
Circumference muſt a Cable be that one Fathom thereof ſhall weigh 10 73% Pound ? 
This is but the converſe of the foregoing Problem; tor the Proportion is, 
As the Weight of the Cable given, 17 Pound, 
Is to the Weight of the Cable required 10 ;2; | 
So is the Square of the Circumference of the Cable given, 
To the Square of the Circumference of the Cable required. 
Then the Fractions being reduced into Improper FraCtions they will be *;, **3 and 
2%2; Then, as *{ is to *;;535, fo is 27 to £*3-2; which FraCtion reduced is 64, whoſe 


Square Root is 8, for the Circumference of the Cable whoie Fathom ſhall weigh 10 ;** 
Pounds: 


PROBLEM XVII. 


If a Company of Soldiers were to be ordered in Battel array, in ſuch Order that the 
Diſtance bit veen Rank and File ſhall be as 8 is to 3; that is, 8 Men in Rank for 
3 in File. 
For the performance hereof this is the Proportion : 
As the Term given for Men in File, 
Is to the Term given for Men in Rank ; 
So will the Number of Men marſhalled be, 
To the Square Root of the Men in Rank. 

Example. Let the Number of Soldiers be 20184; which multiplied by 8, the Pro- 
duCt will be 161472 3 which number divided by 3, the Quotient will be 53824, whoſe 
Square Root is 232,, for the Number of Men to be in Rank. | 

Then for the Men to be in File, divide 2018. by 232, the Number of Men in Rank, 
and the Quoticnt will be 87, for the Number of Mea to be in File. 


PROBLEM XVII. 


How 10 marſhal in Battalia, any number of Soldiers, when there is a double Proportion 
flated, as in reſpect of Men and Ground, both for Rank and File. 
For the Reſclving of this Problem this is the Proportion : 
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As the Produdtt of the two Terms for the Rank, 
Is to the Number of Soldiers to be Marſhalled ; 

So is the Produtt of the two Terms for the File, 
To a fourth Number, 


Whoſe Square Root is the File. 2 : 
Example. Let the Number of Soldiers to be marſhalled be 41 160, in this order; 


as for 3 in Rank 7 in File; and in reſpect of the Ground, as 2 isto 5 : the ProPortion 
of theſe Terms are 6 and 35; for 3 times 2 is 6, and 7 times 5 Is 35; ) Then lay, 
As 6 Is tO 35» 


So is 41160 to 240100, 
Whoſe Square Root will be 490, by which divide the Number of Soldiers 41 160, the 
Quotient will be 84, for the Number of Men both in Rank and File. Or you may ſay, 
As 35 is to 6, 
So is 41160 tO 7056, 
Whoſe Square Root is 84, as before. : | | 
According to theſe Direttions may an Army be drawn out into their ſeveral Reg. 
ments, and thoſe again divided into ſeveral Squadrons, with their depth and propor- 
tion in Rank and File- Theſe and many more Problems, both Arithmertical, Geomerrical, 
and Military, may be performed by help of the Square Root, but let theſe few ſuffice. 


SI. Of the CUBE ROOT. 


Like Solids are in Proportion one to another, as are the Cubes of their homologous 
. Sides, or Diametres; ſo that by help of the Cube and Cube Root, many Geometrical 
Problems may be reſolved, of which ( for a taſte, ) take theſe few few following : 


PROBLEM LI. 


There is a Cube whoſe Side is 6, and its Solidity therefore is 216; I demand what ſhall 


be the Side of a Cube whoſe Solidity ſhall be double to the former. 
Double 216, it makes 432, whoſe Cube Root extracted will be 7 ;73, and that muſt 


be the Side of a Cube whoſe Solidity ſhall be 432. 
PROBLEM Il. 


| Having the Solid content of a Globe, Sphere, or Bullet, to find the Side of a Cube 
whoſe Solidity ſhall be equal to that of the Globe. 
There is a Globe of Braſs whoſe Solid content 1s 1331 Inches, and I would know 
the Side of a Cube which ſhall contain ſo many Cubical Inches: The Cube Root of 
133t is 11, and fo many Inches mult the Side of the Cube be. 


PROBLEM |lIl. 


The Weight (or Solidity) and the Diametre of a Bullet being given, to find the 
—— (or Solidity ) of arvther Bullet ( of tbe ſame Metal ) whoſe Diametre 3s 
0 g8Ven. 
The Proportion is, | 
As the Cube-of the Diametre of the Given Bullet, 
Is to its Weight (or Solidity ; ) 
So is the Cube of the Diametre of the other Bullet, ( of the ſame Metal, ) 
To the Weight ( or Solidity ) thereof. 

Thus, If an Iron Bullet, whoſe Diametre is 4 Inches, do weigh 9 Pound, what 
thall an Iron Buller, whoſe Diametre is 6 ; Inches, weigh? 

Multiply the Cube of 6 3, which is 244-140625, (the Diametre of the Bullet whoſe 
Weight is required, by 9, (the Weight of the Bullet given, the Product will be 
2197.265625 z which divided by 64, (the Weight of the given Bullet, ) the Quotient 
_ ora :22» and ſomewhat more, for the weight of the Bullet whoſe Diametre is 

z INCACS. , 


PROBLEM IV. 


The Sides of two Cubes, or two Bullets, being given, to find the Side of one Cube, or 
Bullet, that ſhall be equal in Solidity to both the given ones. : 
Let one of the Sides, or Diametres, be 6 Inches, the Side, or Diametre, of the other 
S Inches; and let the Side, or Diametre, of a Cube, or Bullet, equal to them both be 
required, | 
The 
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The Cube of 6 is 216, and the Cube of Sis 5'2; theſ: two added together make 
728, whoſe Cube Root is 8 535, that Is 9 Inches almolt, 
PROBLEM \V. 


The Diametre of the Concaves of two Guns being known, and the guantiy of Powder 
that will charge one f them, to find the quantity of Powder that will ſuffice ro charge 


the other. 
The concave capacities of Guns are one to the other as are the Cubes of their Dj- 


ametres. : 
Example. If a Cannon Royal, whole Diametre at the Bore 1s 8 Inches, require 26 1b. 
of Powder to load the ſame, what quantity of Powder ſhall ſuffice ro load a Culverin, 
whoſe Diametre at the Bore is 5 Inches? The Proportion 15, 
As the Cube of 8 Inches, ( the Diametre of the Cannon, ) 512, 
Is to 26 1b. the Powder that will load the ſame; 
Sn is the Cube of 5 Inches, ( the Diametre of the Culyerin,) 125; 
To 6 -:2 1b. the quantity of Powder that will load the Culyerin whoſe Di- 
ametre is 5 Inches, 


PROBLEM \l. 
A Grenado Shell being 1 4 Inches Diametre, and wo Inches ard an balf ſubſtance of Me- 
tall, what is the Weight of the Metall, and the Content of the Concauty of the Shell 


in Cubical Inches ? : | 
1. The Cube of 14, the Diametre of the Shell, is 2747; which multiplicd by 11, 


' the Produtt is 30184, and that divided by 21, the Quotient 1$1437 4, which is the 


ſolid Inches in the whole, Metall and Concave both, as it it were a ſolid Bullet of 14 
Inches Diametre. | | 

2. For the Concavity, the thickneſs of the Metall being 2 7 Inches, the double there. 
of is 5 Inches, which ſubtracted from 14 Inches, there remains 9 Inches, for the Dia- 
metre of the Concave of the Shell : then, the Cube of 9 is 429; which multiplied by 
11, produceth 8019; and that divided by 21, the Quotient will be 381 3, for the ſolid 
Inches contained in the Convexity of the Shell: The 381 being ſubtrafted from 1437, 
( omitting the Fraftions in both Numbers, ) the remainder is 1056 Inches, the Cubical 
Inches of the Metall. 

3. And becauſe one Cubical Inch of caſt Iron is by experience found to weigh 4 Oun- 
ces, multiply 1056 by 16, (the number of Ounces in one Pound, ) the Produtt will 
be 16896 Ounces ; which divided by 4, the Quotient will be 4224, and that number 
divided by 16, (the number of Ounces in one Pound; ) the Quotient will be 264 
Pounds, for the weight of the Grenado Shell. 


PROBLEM VII. 


By the Mold and Burthen of one Ship being known, how to build another Ship of the 


ſame Mold, of any aſſigned Burthen, greater or leſſer. 
Suppoſe a Ship of 100 Tun is found to be 44 Foot long by the Keel, 20 Foot broad 


upon the Mid-ſhip-beam, 9 Foot deep in the Hold; and did Rack it wich the Stem for- 


. wards 13 Foot, and offward 7. 


If (according to theſe Dimenſions) you wou'd build another Ship whoſe Burthen 
ſhould be 200 Tun, the ſeveral dimenſions of the Members may be found as followerh. 

1. For the Keel, it being 44 Foot, the Cube thereof is 85154, donble this number 
( becauſe the Ship you are to build is to be double the Burthen of the other, viz. 200 
Tun,) and it makes 170368, the Cube Root whereof is 55.437 Foot; which is 55 Foot, 
4 Inches, 4 of an Inch, for the length by che Keel. 

2, For the breadth upon the Mid-ſhip-beam 20 Foot ; the Cube of 20 is 8000, the 
double whereof is 16000, whoſe Cube Root is 25.199 Foot ; that is, 25 Foot, 2 In- 
ches, and + of an Inch, for the breadth upon the Mid-ſhip-beam. _ 

3- For the Depth in Hold 9 Foot ; the Cube of 9 is 729, the double whereof is 1458, 
whoſe Cube Root is 11.339 Foot that is 11 Foot, 4 Inches, for the depth in Hold. 

4. For the Rack forward 13 Foot ; the Cubs of 13 is 2197, the double whereof is 
4394, whoſe Cube Root is 16.379 Foot ; thzi is, 16 Foot, 4 Inches, and an half, for the 
Rack forward. 

4 For the Rack offwards 7 Foot ; the Cube of 7 is 343, the donhle whereof is 686, 
whoſe Cube Root is 8.819 Foot ; which is 8 Foot, 9 Inches, and ? of an inch, for the 


N > This 


Cursus MATHEMATICUS. Book I. 


ern eres Ir 


This is the natural way of working of theſe and the like Proportions, but when you 
have many lengths to find, you may eaſe your ſelf oi extraCting ſo many Cube Ronts 
for having found out one of them by the Cube Root, you may find our all the reſt by 
the Golden Rule of Proportion : Thus, having found the Length by the Keel to be 535.437, 
and you would find the Length of the Mid-ſhip-beam proportionable to this, which in 
the Ship of 100 Tun was 29 Foot, ſay, es 

As 44 the Length by the Keel of the Ship'of 100 Tuns, 
Is to 55.437, the Length by the Keel of the Ship of 200 Tun; 
So is 9 Foot, the Depth in the Hold of the Ship of 100 Tuns, 
To 11.339, the Depth in the Hold of the Ship of 200 Tun. 


And ſo of all the Members, as in this Synoplis. : 
1. For the Mid-ſhip-beam : | 


As 44 isto 55.437, 10 is 20 tO 25.199. 
2. For the Depth in Hold : ; 


As 44 is to 55.437, fois 9 to 11.339. 
3. For the Rack forward: 


As 44 is to 55-437, ſos 13 to 16.379. 
4. For the Rack offward : 


As 44 is to 55.437, ſo is 7 to 8.819. 
Or thus, having the proportion of one Cube to another Cube, you may work by 


that, in this manner : | 
C 1 being 1.000 


34 


2 the double 1 FF 1.260 

p 3 the triple 1 | L462 

| « 4 the quadruple I L.S97 | 
The Cube of q 5 the quintuple 0 thereof is g E710 
6 the ſextuple | 1.8197 
_ . | 7 the ſeptuple 1.913 


L 8 the oftuple Jy! L 2.000 | 


And thus, by the foreſaid ſuppoſition of a Ship of 100 Tuns being 4.4 Foot by the 
Keel, the Leagth of thc Keel for a Ship of 200, 300, 400 Tun, may be found by theſe | 


Proportions : 
Tun Feet 
T2001 1.260) O(55.440] 
a | | 2-602 | 53-448 | 
| 400 ' Say, as1.600 l 1.557 | 169.828! 
For a Ship of 4 500+ Ist044 < 1.710 btoq 75.240 þ Proms by the 
600 ſo Is LEES [Ine ec 
700 1.913 | 84.172 
(800J C2-000 3 {<4 88.000 j 


And from theſe ſew Proportions may be deduced man 
to ſhew the uſe of the Cube Root in this particular. 


= 


more, but theſe ſhall ſuffice 


The End of Natural, or Vulgar Arithmetick. 
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of DECIMAL ARITHMETICK. 


| Ho was the firſt Inventor of this Decimal Arithmerick, or brought it firſt 
V y to light, is hard to determine z but that it hath been much improved 


he Invention of: Logarirhms, all knowing Artiſts cannot but acknowledge , 
_— _ at this day It Is | Ain to the Zenith of its perfeftion. The excellency 
of this kind of Arithmerick, will beſt appear when it ſhall be applyed to Mathematie 
cal Praftices ;, as in compoſing of Tables of Intereſt and Rebate of Money, in all forts 
of Meaſures, whether Superficial Or Solid, 1n which caſes (and many others, as in the 
Subſequent Trattates will at large appear,) Decimal Operarzons do afford ſo great help, 
that many Ages before have not produced a more uſefull Invention : And indeed this 
excellent kind of Arithmerick might be yet farther improved, if all our Coins, Weights, 
and Meaſures, (which are now divided into ſo many heterogeneous Denominations,) 
were divided, and ſub-divided Decimally. For by this means all Calculations concer- 
ning Trade would be performed with much eaſe and pleaſure ; eſpecially the Operati- 
ons of Multiplication and Diviſion : But theſe things laſt hinted are not in the power of 
any private Perſon to effect, but wholly in ſuch as are Law-makers ; and therefore I - 
deſiſt, and proceed to my deligned Method of Mathematical Inſtitution. 


Chairs 
Of DECIMAL FRACTIONS. 


Defuntion. Decimal Fraftion, is an Artificial way of ſetting down, and expreſſing of 

. Natural or Vulgar Frattions, as whole Numbers ; and whereas the Dero- 
minators of Vulgar Fraftions are Diverſe, the Denominators of Decimal Frattions are al- 
ways Certain : For a Decimal Frattion hath always for its Depomiator an Unite, with a 
Cypher or Cyphers annexed to it, and muſt therefore be either 10, 100, 1000, 10000, 
&c. And therefore in writing down of a Decimal Fraton, there is no neceſlity of 
writing down the Denominator, for by bare inſpeCtion ir is certainly known, it con- 
ſiting always of an Unite, with as many Cyphers annexed t it, as there are Places (or 
Figure:) in the Numerator, 

Example. This Decimal Frattion ,35, may be written thus, .25 ; its Denominator being 
known to bs an Unite with two Cyphers, becauſe there were two figures in the Numera- 
ar : In like manner +327 may be thus written, .327 z 533353 thus, .0372 3 and ſo of any 
Otier. | 
2. And although Cyphers at the end of Whole (or Integral) Numbers do increaſe thoſe 
Numbers in a decuple Proportion ; yet they being annexed to the end of a Decimal 
Frattion, they do neither increaſe nor diminiſh the value thereof. So 54232 or .3700, is 
equivolent to 422 or .37.— And ;3; or .80, is equal to ,; or .8,—— And although in 

ole (or Integral) Numbers, Cyphers being prefixed before them, do neither increaſe 
nor diminiſh their Yale ; for 037 is but 37, and 004 is but 4, &c. yet Cyphers pre- 
fixed before a Decimal Fraition, do expreſs or diminiſh its Falue in a Decple Proportion: 
For .25 which is ;*£, if you prefix a Cypher before it, it becometh +25 or .025, which 

Is 


—_ 
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?* And by prefixing two Cyphers It is ;:;35, or .co25, which is 3;;3%, &c. 


T5s 98 
And ſo< ::: muſt be thus written < . 002 
Rt. | -0064, Cc. 
; Io6000 


3. The Integers and Decimal Frattzons are diſtinguiſhed each from other ſeveral ways, 
according to ſeveral Mens fancies; but the general received way (and indeed the ea. 
eſt either to write or conceive) is by ſeparating the Jnteger from the Fration, by the 
interpoſition of a Comma, Period, or Daſh of the Pen between them ; or if there be no 
whole Number, then a Comma or Point before the Frattior is ſufficient. And thus if 
you were to ſet down 763 53535, it may thus be expreſſed 763.7626: —Or 5 ;522 thus , 
5-072 :>—Or ;5335 thus, 0076, &c. 

7 6 3 17026. 
Some would expreſs 763 57535 cus 9  763,7.0*,3 
| 763|7626, ©c. 


"” 111 
= a 


4- Theſe Decimal Fractions are of all other the moſt natural, for all plain Numhers, 
as they are expreſſed by the nine Digits ; 1, 2, 3, &c. are nothing elſe but Decimal 
Fraftions - For let any Number be given, as 736, the laſt figure 6 1s really ;£; and G6 
are the laſt two figures 36 really +35, and all three are a Decimal FraCtion ot ;7:5. For 
as the Progreſſion of theſe, and all other plain Numbers, is Decimal ; thar is, each fi- 
gure on the left hand is ten times the value of the ſame Number placed in the next 
Place on the Right. Thus in this Number [777,]] the laſt 5 on the left hand is ten 
times the value of the 7 next to it on the Right Hand, and the 7 in the middle is ten 
times the laſt 7 on the Right, and but the tenth part of that 5 on the Left: And there 
fore, all or any of them may be either Fractions or Integers. | 


CHAP. II. 
Of NOT ATION of DECIMALS. 


Defanition, Otation of Decimals is contrary to that of Whole Numbers ; for, as in the 
whole Numbers, the value of figures are increaſed in a Decimal Propor- 
t10n, by the continual addition of Cyphers towards the Right Hand; ſo (on the con- 
trary) the values of the places of Decimal Fractions do decreaſe in the ſame Proportion. 
And whereas in Whole Numbers Cyphers towards the Left Hand are unneceſſary ; yer 
in Decimal FraCtions they are abſolutely neceſſary to diſcover the true Denominator. 
Alſo Cyphers at the end (or towards the Right Hand) of Decimal Fraftions arc of 
no /alue ;, for one ſingle figure in a Decimal Fra#ton 1ignifieth as much as the ſame fi- 
gure doth with Cyphers after it, for .7 is equivolent to .70, .700, &c. for the Deno- 
minators of Decimal Fraitions being an Unite, with Cyphers toward the Right Hand, (as 
hath been already declared,) therefore ,7; being reduced to its leaſt Terms, will be 
72, and 522 will be x5, and +32: will be 22, &c. As in the following Table. 


IGoOS 


9876343211. 12345678 
100000000 |, 00000001 
I0000000|., 00C000 1- 
I000000|. 000001 
100000|. 00001 
Il 0000], O0OOQOIl 
A Thouſand 1 000 |. oo1 Or. ? 
An Hundred 100 |. o1 Or 
Tm 10. Org 
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CHAP. 
Oo REDUCTION ff DECIMALS. 


Definition. Edufion of Decimals is of two kinds; for firſt it teacheth how to reduce 

Vuloar Frattions into Decimal Frafions ;, and ſecondly, by RedudQjon , 
to know the Yalue of ſuch a Decimal Fraftjion in known parts of the Integer. For the 
firſt of theſe this is the Analogy, or Proportion : 

As the Denominator of the YVulgar Frattion, is to its Namerator , 

So is an Unite,with ſo many Cyphers added as you would have your Decimal Frattion 
have Places, | 

To the Decimal Frattion required. | 
Thus, If you would reduce this Frattion 3 to a Decimal conſiſting of 4 Places, ſay ; 

As 4 (the Denominator of the given FraCtion) is to 3, (the Numeraror of the ſame, ) 

So is 10c00 (the Denominator of the Decimal, to .75, the Decimal Frattion required. 
And the like of all others ; and for the effecting hereof this is the KULE: 

To the Numerator of the FraCtion given add ſo many Cyphers as you would have Places in 
your Decimal Fraction ; then Divide the Numerator of your given Frattion (the Cy- 
aun being added) by the Denominator of the given Fraction, the Quotient ſhall be the 

ecimal FraCtion required, 

Example 1. Let it be required to reduce this Vulgar Fraction ;;+ into 4 Decimal Fra- 
Ction to conſiſt of 4 Places. . 

To the Numerator 21 add 4 Cyphers and it is 210000 ; which divide by the Dero- 
minator 112, and when the Diviſion is ended you will find in the Qzorient 1875, before 
which prefixing a Pojyr, to diſtinguiſh it from a Whole Number, it is .1875 which Deci- 
mal Frattion is in Value equal to +4. | 

Example 2. Reduce } into a Decimal FraCtion of 4 Places. 

To the Numerator 3 add 4 Cyphers, and it is 30000; which divide by the Deno- 
minator 4, and the Quotient will be .7500 or .75 ; for Cyphers on the Right Hand of a 
Decimal Fra&ion do neither increaſe nor diminiſh the Yalze thereof, as is before de- 
clared. p 

Example 3. Redace this Vulgar Frattion 4 imo a Decimal Frattion of 4 Places. 

To the Numerator 3 add four Cyphers, and it will be 30200; which divided by 
the Denominator 48, the Quorient will be 625 ; and the Divilion ended, the Quotient 
conſiſts but of three Places, whereas it ſhould conſiſt of four Places ; to ſupply this 
_ Cefeft you muſt prefix one Cypher before the ſignificant figures of the Frattion towards 
the left Hand, and then it will be .0625, and will be the juſt value of x} : 

Example 4. If this Fraftion y4;x were to be reduced ra a Decimal Fraftion of ſever 

Places. ; 

To the Numerator 7 add ſeven Cyphers, and it will be 750000000, which divided 
by the Denominaror 896 3 at the end of the Diviſion there will be in the Quotient 
75125, which are but five places, whereas they ſhould be 7, to ſupply which prefix 


two Cyphers before the Quotient towards the Left Hand, and it will be .097S125; 


Which Decimal Frattion will be of equal value with x5:. 
Example 5. Ler it be required to reduce 4 to a Decimal FraCtion of 3 Places. 

Tothe Numerator 2 add 3 Cyphers, and it is 2000, which divide by 3, the Dero- 
mmator, and the Diviſion ended, there will be in the Quorient .66, and 6 remaining : 
And fo, if you ſhould add never ſo many Cyphers to the Numerator, the Quotient will 
ſtill be all ſixes. And from hence obſerve this following NOTE : 

That all Vulgar Fraftions cammor be reduced ro Decimal Frattions,veraining exatHy the 
ſame Value, although they wilt arrive extreamly near ; and the more Cyphers are ad- 
acd to their Numerators, the nearer will they approach the truth, but never abſolutely 
arrive unto tt, . 

Example 6. If it were required to reduce this Fraftjon ,* t9 a Decimal of 4 Places. 

Four Cyphers being, added to the Nameraror 9, and that Produtt divided by the 
Denominator 11 the Quz24ent will be .81$1, which is not the exatt Yalue of ;* ; and 
yet it wanteth not ;--.; part of an Umre of the Truth : For it you ſhonid make ic 
$182, it will be ſomewhat more than the Truth ; and if you ſhould yer add 5 Cyphers 
tothe Nuncraror, the tiene then will be .81818 which is yer too little ; yet is 
is nearer than the former, tor it now wanteth not the 453:*; for if you make it 81819, 

it 
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it will bz too much, and if you ſhould to the Numer ar or add an hundred Cyphers, the 
guaxiemr would i111 be 81, $1, $1,to the end: And let this ſuffice for the Firſt Parr of 
the Rule, to reduce Yulgar Frafttions to Decimal Frattions ; and now for the Sccond 
Pare, which teacheth to find the "ale of a Decamael Fraction, mm the known parts of 
the Inceoer. 
CHAT © 
How to find the Value of a Decimal Fraction 3n the 
known Parts of the Integer. 
O find the Yalue of a Decimal Frattion in the kown parts of the Inzeger, whether 
it be Coiz, Weight, Meaſure, Time, &c. this Is the RULE : ; 
Afuttiply the Decimal Frattion, given by the Number of known Parts of the next infe- 
riowr Denomination of che Integer,cthe ProduCt (/o many figures to the Right Hand be- 
ans cut off, as there were Places 2 the given Frattion) ſhall ſhew the Value in that De- 
nomination ; and if there yet remain any Decimal Parts in the ProduCtt, multiply 
ebem by the next lower Denomination, cutting off as many figures as there were Pla- 
Ces in the remaining Product. &c. 
Example 1. Lee .86042 be a Decimal Fraction given, repreſenting a part of 205. or of 
« Pound ferling. 
Multiply the Fraction .86042 by 20, (becauſe there arz 
20s. in a /i. Sterling, ) and the Product will be 1920840,from 
$6042 which cut off 5 Places to the Right Hand, and it will be 
my 17.20840 ; the 17 to the Left Hand are 17 Shilings, and the 
Siiflimgs 17.208 40 .20840 are the FraCtion of one Shilling,or 124. which there- 
i 2 _ fore multiply by 12, and the Product will be 2.50080, the 
416809 2 towards the Left Hand are 2 Pence , and the 5oc8o 
208340 are the Fraction of one Peny, or 4 Farthings ; which there- 
| Pence 2.5 0080 fore multiply by 4, and the Product will be 2.00320, 
4 the 2 w = Left _ w_ 2 CO, and the 
x; -  .,00320 the Fraction part of a Farthing, which is the leaſt 
—_— pf: Denomination of Engliſh Coin. And the Decimal Fraftiog 
reduced thereto is 17 s. 2 4. 2 9. ;;;:4 parts of a Farthing, 
Other Examples. 
Fraltion given 58326 Frattion given .74083 
20 a0 
Shilllngs 11.66520 . Shillings 14.8066 
I 2 12 
3304 S ERP, 
6652 8066 
Pexce 6.9824 9.6792 
4 4 
Farthings 3.9296 Farthings 2.7168 
1.5168. 3-9,2205- 4.6. 14. Fere. WY op 2 OLA 
Example 2. Ler .7315 be a Decimal FraCtion of 4 Standard Foot of 12 Inches. 
Multiply the given Frattion by 12, the Inches in a Foor, 
137 5 the Product will be 8.778, (omitting the Cypher,) the $ 
SH SY ro the Left Hand are 8 /nches, and the .978 are parts of an 
14630 Ich, which multiply by 4, and the Produtt will be 3.112; 
7315 the 3 to the Left Hand are 3 quarters of an Ich, and the 
Ich $7730 112 Are +573 parts of an Inch; ſo the Value of the Decimal 
= Frattion, .7315 Is 8 Inches, 3 Quarters,and 22: parts of a 
y Standard Foot. 


* Po —— 
Quarters 3.112 


Example 
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Example 2. Let .7315 be a Decimal Fraction of a Srandard Foot of 12 Inches. 

Multiply the given Fraction by 12, the Inches in a Foot, 7315 
the Product will be 8.778, ( omitting the Cypher, the 8 12 
to the left hand are 8. Inches, and the .778 are parts of an Coro 
Inch ; which multiply by 4, and the Product will be 3.112, 7315 
the 3 to the left hand, are 3 Quarters of an Inch, and the Flr compuny 
112 are -::2 parts of an Inch; ſo the value of the Deci- mches 8.7780 
mal .7315 is 8 Inches, 3 Quarters, and 4335 parts of an 4 
Inch of a Standard Foot. ; | Quarters 3.I12 

Example 3. Let .94363 be a Decimal Fraction whoſe Yalue is required in Ayoirdupois 

Weight, whoſe Hmdred 1s 112. Ib. 

1. Multiply the given Fraction .94363 by 4, ( becauſe 94363 
there are 4 Quarters in one Hundred weight, ) the Pro- 4 
_ will be 3.77452 3 the 3 to the left hand are 3 Quar- 3:77 4 52 

. -# : | 2 

2. Multiply the remaining FraCtion .77452 by 28, ( be- rey 
cauſe one Quarter contains 28 Pounds, )) and the Product EE TH 
will be 21.68656; and the 21 to the left hand are 21 54904 
Pounds. Pounds 21.6865 6 

3. Multiply the remaining FraCtion .68656 by 16, ( be- 16 
cauſe there are 16 Ounces in a Pound, ) and the Product 411936 
will be 10 Ounces 725425 ag og mg wg is 68656 
equivalent to one Ounce; and the Value of the given Ounces 10.984 96 
xy in Avoirdupois Weight will be 3 Quarters, 21 th. , Quar. 216, 11 bg fere. 

I 0s. fere. 
Example 4. Let .74325 be a Decimal FraCtion of One Tear, or 365 Days, and let the 
Value thereof be required in Days, Hours, Minutes, and Seconds. 
x. Multiply .74325 by 365, (the Days in a Year, ) the Produdt is 271.28625 ; the 
271 are Days, and the .28625 are parts of a Day. | 

2. Multiply .28625 by 24, (the Hours in a Day, ) and the Produ@ will be 6.87, 
that is, 6 Hours, and 87 parts of. an Hour. | ; | 

3. Multiply 87 by 60, ( or 6, )' the Produdt is 5.22; that is, 5 Minutes and 22 parts 
of a Minute. | 

4s —_— 22 by 60, (or 6, ) the Product wall be 1.32 ; that is 1 Second ;22 parts 
of a Second : And fo the Fraction reduced to the parts of Time is 271 Days, 6 Hours, 
5 Minutes, 1 Second, and 43; parts of a Second, as appear by the Work following; 
74325 
365 _ 
371625 
44353950 L 
222975 
Days 271.28625 
on 24 
114500 
$723® 
Hours 6.87000 
" 
Minutes 5.2 2 
6 
Seconds 1.3 2 
Days. Hours. Min. Sec. 
2 7] In— Gmnn—n— I 
According to theſe Rules the following Tables of Coin, Weights, Meaſures, are made z 
and the like may be done for any Foreign Coins, Weights, or Meaſures, as any one ſhall 
tave occaſion, 
r 
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Teaching bow to reduce the known Parts of Coins , 
Weights, Meaſures, &c. into Decimal Fractions, 


I. Of Cor. 


Example 1. Let it be required to find a Decimal Fraction ro 5 places, which ſhall re- 

preſent 7 Shillings of 4 Pound Srerling, or 20 Shillings. -— 

Seven Shillings is ;; of a Pound, therefore add 5 Cyphers to 7, and It makes 700907, 
which divided by 20, the Quotient is .35, for the Decimal Frattion repreſenting 7 5. 
Tn like manner. the Decimal of 3 s. will be found .15; of 195. .95, &c. 

Example 2. Let ir be required to find the Decimal Fraction to 5 Places, belonging to 
Pence. | 

f Eons Pence is ;; of - of a Pound, or 7 4. is ;;7 of a Pound; to 7 add 5 Cyphers, 
and it is 500000; Which divide by 240, the Quotient will be .02916, for the Dec;- 
mal Fration of 7 Pence. 

Example 3. Ler the Decimal repreſenting 13s. 3d. 3 q. be required, to 5 Places. 

In 20 Shillngs there are 960 Farthings, and in 13s. 3d. 3 q. there are 639 Farthings 
then is 13-5. 34. 34. the $3} of a Pound, or 20s. add 5 Cyphers to the Numerator 
of the FraCtion, it will be 63900000; which divide by the Numerator 960, the Quo- 


tient will be .66562, which is the Decimal Fraction of 13 5. 34. 3 4. 
Il. Of Weight. 


Example. What is the Decimal Fraction which ſhall repreſent 3 Quarters, 21 Pound, 

10 Ounces of Avoirdupois Weight, -r0 5 Places ? | 

In 112 Pourd there are 1792 Ounces, and in 3 Qwar. 21 1b. 10 Ounces, there are 1520 

Ounces ; therefore 3 Quar. 21 1b, 10 Oun. is the {533 of a Hundred: To the Numerator 

1690 add 5 Cyphers, and it will be 169000000; which divided by the Denominator 

1792, the Quotient will be .94308; which is the Decimal of 3 Quarters, 21 Pound, 
and 10 Opnces. | 


III. Of Meaſure. 


Example. What 3s the Decimal Fraftion anſwering to'g Inches, 3 Quarters, the Foot 

being 12 Inches, to 5 Places ? 

In one Foor there are 48 Quarters of Inches; and in 9 Inche: 3 Onarters, 39 Buarters; 
ſo that 9 Inches 3 Quarters is 3g of a Foot: Add 5 Cyphers to the Numerator 39, it is 
3900000; which divide by 48, the Demominator, the Quotient will be .8125 ; which 
is the Decimal Fraction anſwering to 9 Izches 3 Quarters: And fo of any other, as in 
the following Tables. 
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| A Table of A Table of 
ATablc of Engliſh Coin, Foot Meaſure | pong. 
Two Shillings being 12 Inches be- 28Poundbe: 
| ing the Inte- ing the Ince- 
the Integer. . gers 
-vf F th - 
oh IE Z —_ TRY 
Oo © I2 ©|. OF «++ ©) r| o2083 2 |: 0x86 
I|. 00104 I |. 05164 2 | . 04166 3 |. 02678 
2 . 00208 2 | - 05208 3|- 26250 4 03571 
3]. 00312 2 3|- 28372 ATR. . 08333 3s "04464 ; 
x 0, 00416] |13 0|+- 95416 T | + LOqIG 6]. o5357 
x|. oog21. I |. 0FF21 2 £22449 | 7 |, 0625. 
2 |. 00625 2 |- 05625 3 _— | 8|. 07143 
© 3|- 072g] | __3|- 05729 ſ2_|: 15535 EOnY 
2 of. oo833] 14 © 05833 I _— | x0 |. 08928 
| 15. 00907 I | - 0F907 | 2 |- 20833) xx. 09812 
2|. 0IOI 2 |- 06011 | 3 j- 22916 | 12 |. TO7I4 
JET i DF EE 73 | T1607 
[3 of.oi25- 15 o|- 0625 x |. 27083 | 24 AA 
x]. 01354 T [+ 06354 | - SLES | 15 |. 13393 
#4 . 01458: 2] - 06458 1' _ 34*- 31250 16 14286. 
3|- 01562 3 |- 26562 4  ©O|- 33333! pon IFI79 | 
| 4 O |. 01666 116 O » 06666 | SE 35416 | 18 16077 | 
| xj. orppph | IT 06777 2 |. 375 19 |. 16964, 
2]. 0187, 2 | - 0687, 3 |- 39583 |20|. 178571 
| __ 3]- 01979 3 |: 26979 F_ $3 $-_ | 21 |. 1875, 
5 ol. 02083 | 17 of. 07083 a. 4 | 22. 19643 
| 2x. 02185 I | » 07187 2 | . 4583 23 |. 20536 | 
2], 02292 2 | - 07292 3 |. 4791 | 24]. 21429 
| __ 3]. 02396 3 |- 97396 6 O|.F.-.. <4 wo 
6 of,o2g..,| [18 0|-07F-- X |. #2083 26 |. 23214 
I], 02604 I | - 07604 24 - F&106 27 | . 24107 
2 . 02708 21.0 o8 | p4 « F62F. 
_ 3} oa; 3 1- VISET 7__9|- 58333 7 Quart. .25 
7 0]. 02917 I9 0|+. 07917 I | . 60416 A half .5 
I]. 03021 I |. o8021 2 | . 62429 3 Quar. .75. 
2]. 03125 2 |. o8125 3 |. 64502 | 
> $ 03229 3 o8229 8 © » 6653F | 
8 © 03333 20 0. 08333 I . 68568. | 
I]. 03437 I |. 08437 2 OS 
2]. 03542 2 |. 08542 3 |- 7291 
___3]- 03646 3 | - 08646 9 O|.7F --- | 
y O[.03J75. 21 © |» 8975 T «77983 | 
I\. 03854 I; - 08854 2 |. 79166 
2], 03958 2 |. o8g958 3 . 812F. 
- 04063 3 + 09063 Io © « 83333 
Io |. 04166 22 © 09166 T » 85426 
I « 04271 I Og27I 2 875 TY 
| 2].04375 2 |. 99375 3 |-89583 
— 3]: 94479 3 | - 29479 IT 0 |. 91666 
II o|, o4cs$ 23 0|., og58 I |. 9375 
I L582 : I te. 2 | . 95833 
2|- 04792 2 | . 09792 3 |- 9791 
— 31: 24896 3 |. 29896 = 
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cuar we 5 
of ADDITION of DECIMALS. 


' k Didition of Decimal Nunbers differeth nothing from the Addition of Whole Nur 
bers of one Denomination, before taught, in which there is no difficulty : But in 
Decimal Numbers to be added, the chief care to be taken is in placing your Inregers and 
Frafions in their due ordet ; which you ſhall eaſily and certainly doe, by oblerving 
this general RULE: | 
Place your Integers (or Whole Numbers) and Decimal Parts (or FraCtions) one wander 
" another, ſo that the Points of ſeparation (which in Decimal Numbers a9 aiftin- 
guiſh the Integers from the Decimal Parts) ſtand direftly one under another ; and 


when they are ſo ſeated, proezeg to the adding, of thewt together, as if they were Whole. 


Numbers 'of ove Denomination. | | 
*Example 1. Ler it be required to add together theſe four Decimal Mixt Numbers, «iz. 
36.1333, 19.0083, 31.8375, 6.1208, being Decimal Parts of Engliſh Coin ; the 
Integers being Pounds, and the Decimal Parts, Fra#ons of a Pound as Shillings, 
Pence, and Farthings. pg 
Your Decimal Numbers, being thus placed in due order, one under another, proceed 
to the adding of them together, as it they were Whole Numbers, and you ſhall find 
the ſumm or total of them to be 103.0999. WO, 
' * Now the 103 which ſtands towards the left hand,' are t03 Pounds; and the 0999 
which ſtand towards the right hand of the Point, is the Fra{tion-part of one Pound 
Sterling; the value whereof you may find ( by the Rule taught in Chap. F., to be two 
Shillings fere ; which ſhould: be two Shillings exact, but it wanteth ſomewhat, +z. 


the —-- part of a Farthing, which is inſenſible ; for if by the fore-mentioned Rule you 


ſeek the value of the Decimal Fraftion .o999 , you Thall find it to be 1 Shilling, 11 
Pence, 3 Farthings, and the ;3-part of a farthing, which: you may call in all 2 Shil- 
lings; for Decimal Numbers will ſeldom happen to give the exaCt value of Frattions, 
but will be either greater or leſſer than they ought to'be; but in ſuch a ſumm as this, 
the thouſandth parr of a farthing is not to be regarded. - . 

Example 2. Ler it be required to add together in a Decimal way theſe ſumms following, 
ey 29li. 18s. 7d. 3q. 631i. 115. 2d. 19. 1291i. 4s. od. 29. and 3 li. 75. 
10d. 19. 

Firſt, for 29 6. 18s. 74. 34. ſet down _ — 29.93229 

Secondly, for 63/:. 11s. 24. 19. ſet down ——— ——, 63.55907 

Thirdly, for 1291;. 45. 04. 29. ſet down- ————9.20208 

Laſtly, for 35. 7s. 10d. 1 9. ſet down — rn mmm $.29271 

Your Decimal Numbers thus placed in order, add them together, JG G85 1 

as if they were Whole Numbers, and you ſhall find the ſumm of ; 3 
them to contain 226.08615, a 

| Now the 226 which ſtands towards the left hand of the point, 'are 226 Pounds, and 
the other figures towards the right hand, iz. 08615, are-the Fraftion parts of a 
Pound ſterling ; which if you reduce (as hath been already. taught, ) you ſhall find the 
_ to be 1 Shilling, 8 Pence, three Farthings : So the whole ſumm is 226 55. 1 5. 

- 34- | 

And here note, that what hath been ſaid concerning 4ney, the ſame is alſo to be 

underſtood of Weight, Meaſure, Time, &c. as by the following Examples will appear. 


Exampies for Prattice. 


Example 1. Example 2. Example 3. | 
In 45 In Troy bra] In rears; 2a W. In ' rr ypuig W. 
135.8833 7.1625 12.9327 ; 37.9442 
95-5583 6.225 76.3594 9.3053 
3.2875 3.5625 32.6256 33.6786 
234.7291 16.9500 121.7077 $0.9281 


2340. 145. 74d. 
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CHAP. VII. 
SUBTRACTION f DECIMALS. 


HE Subtraition of Decimals differeth nothing from the SubtraCting of one whole 
Nuniber from another, and the Decimal Numbers to be ſubtracted one from 
another, muſt be placed in the ſame order 3 4$1N Addition of Decimal Numbers; the 
ractice of Subtraction ſhall be ſeen in the following Examples. 
Example 1. Let ut be required to ſubrratt 36-1333 ont of 21.8375: 
Set your Numbers one under the other, as is before directed in Ad- 


| 


;tion 3 and as is here done in the Margin : Then draw a Line under 13-1 29 : 
Gp and ſubtraCting the leſſer from the greater, you ſhall find the re- ,, g,- : 
mainder to be 4-2958 3 the 4 on the left tide of the Point, are four Fong pep. 


ds, and the .2958, which ſtandeth towards the right hand, is the - 
4c age of a Pound, the value wherof being ſought, will' be found 
to be 5 5. 11d, So that if you ſubtraCt 31 45. 16s. 94. out of 3645. 25. 84. there 
1 "ain 4 bi. 55. 11 4. | 
—_ + oe Crais be to be ſubtracted out of one greater ſumm, then you muſt 
rſt add all the ſeveral ſmaller ſumms together, and ſubtraC&t the. ſumm-of them from 
the greater given ſumm 3 ſo ſhall the reſidue be the ſumm deſired. 


Example for Prattice. 


Example 1. Example 2. 
In Money In Avo;rd. great w. 
232.376.7432 Bowoht 103.7423 
 Earrrt Sold 37.9442. 
Paid at ſeve- ) 100.0000 | Unſold 66.789g1 
ral times. T24:0325 - 65G. 349. 5 lb. 7 on. 
90.1425 


Paid in all 693.782 4 
Reſts in Money 1 682.9608 
1682 44. 195. 24. 24. 


= C.HA.P.HIX 
MULTIPLICATION, f DECIMALS. 


Hl pon of Decimals differeth nothing at all ffom the Aultiplication of whole 
Numbers; for making the greater number the Aultiplicand, and the Jeſler 
number the Afulriplier, the number iſfluing from that Multiplication ſh:1l be Called the 
Proautt. | 5 

Now 1n the Multiplication of Decimal Numbers one by another, if there he any De- 
cimal Part or Frattion, either in the A«lriplicand or Mzileiplier, or Frattions in both - 
ſo many Places as the Fractions contain, ſo many figures /muſt becur off from the Pro- 
auf} towards the Right Hand,which ſhall be the Fration of the Prodr#, and the figures 
towards the Left Hand of the Point in the Produtt, ſhall be the Dover; of the Produtt. 

Example 1. Let it be required to multiply 34.2625 by 16. 325. 2 

Make 34-2625 your Multiplicand, 16.325 your Malta! 
Multiplier ; thea draw a line, and multiply theſe two **P'cana © 34,2625 


numbers together, as if they were whole Numbers, ia 4 RO 
and you ſhall find the ProduCt of them to be 559» 1713125 
3353125. Now becauſe there are four figures in £027 $9. 
the Multiplicand, which are Fractions, namely, theſe , 2055750 

tour towards the Right Hand, tz. 2625 ; and there- 342625 


are allo three figures in the*Mulciplier, which axe Produtt 559 .335 3125 


. Fractions, ramely, theſe three towards the Right 
Hand, 


——_ 
——_———_ TIT rn 
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1 :z. 325, that is in all ſeven figures, repreſenting Fraftions ; therefore cut off 
_ Dy we ” the ſeven figures towards the Right Hand, by making of a Point, 
there to diſtinguiſh the whole Number from the Frattion : So is 559 the Integers or 


the Frattion of this Multiplication. 
_— — Example 2. If there be Frattions in the Multiplicand, 


Multiplicand 5767-75 and none in the Multiplier, yet the work is ſtil] the lame, 

Multiplier 2.3 5 for you mult cut off only ſo many figures from the Produdt, 

2883875 as there are FraQtions either in the Multiplicand, Multiplier, 

1730325 or both: So if it were required to multiply5767.75 by 235, 

1153559 you muſt firſt ſet down. 5767.75 for your Aultiplicand, 

Produft T3 <5 421.25 and alſo ſet down 235 for your Multiplier ; then multiply. 

2 3334 ing them together,as if they were whole Numbers, you ſhall 

End the Produtt to be 1355421-253 and becauſe there are only two Fraction figures, 

both which are in the Alriplicand, namely, the two laſt thereof .75, and none in the 

Multiplier ; therefore cut off only two figures of the Produ, namely, the: two laſt, 
which are -25, ſo is the Produtt of this Multiplication 1355421-25. 2. 

Example 3. If Decimal Fraftions be to be multiplied by Decimal 

-953 Frattions, you muſt then (as before,) multiply them as Whole Nam- 

.782 bers, and from the Produt# cut off ſo many figures towards the 

1906 Right Hand, as there are figures in the Maltiplicand and Melt iplier : 

7624 So if it were required to multiply .953 by .782, you ſhall find 

6671 their Produtt to be 745246, which being but fix figures in all; 

$745 246 cut them off, and that Fraction .745246, is the Produtt of the 1ut- 

tiplication of the two given Frati1ons. 

Example 4. If the Produ& of any two Decimal Fraftions being mul- 
.072 tiplied together, do not conſiſt of ſo many places, as are required 
063 (by the former rules) to be cut off, you muſt then ſupply that de- 

2256 teft by prefixing a Cypher or Cyphers before the Produtt towards the 
4512 Left Hand : So if theſe Decimal Frattions, .063 and 0752 were to 
ent be multiplied, their produ&t would be 47376. Now (by the for- 
CCETPT. mer rules,) you ſhould cut off ſever figures of the Produt# towards 

the Right Hand, but this Produtt 47376 confiſteth bur of five fi- 
gures; wherefore to make it ſeven figures, prefix two Cyphers before the Produtt 
on the Left Hand, making it .0047 376, and that is the true Prod»## produced by this 
Multiplication. ZI | 


CHAP. X. 
A Compendious way of Multiplication of Decimal 
Adixt Numbers. 4 


| F, Yemn « Objefion that I have often heard made againſt Decimal Multiplication, hath 
| been this; that when the 2fixre Numbers to be multiplied together do conſift of 
many Decimal Parts, the Produf# will be increaſed to 8, 9, 10, 12, or more Deci- 
mal Places to be cut off ; whereas,2, 3,0r 4 at the moſt, will ſerve the turn ſufficiently, 
to perform the Work, intended thereby. To this I anſwer, that in many Caſes it may 
ſo fall out ; but that Objettion may be removed by this following COMPENDFU2N7: For 
the working of this Compendizm this is the RULE : 

Ser down the bigger of the rwo Mixt Numbers, and (thongh there be ſeveral Places of 
Parts, borh n che Multiplicand and Multiplier, ) ſer the place of Unity of rhe Integer 
of the Multiplier, under chat figure of Parts in the Multiplicand, whoſe member of 
Parts, you would have in the ProduCt : Then ſer all the figmres of the Multiplier,. the 
comrary way to what they were given ; then by —_ in the Multiplier, malriply 
the figure over it in the Multiplicand (having regard to the fignre going before it) and 
ſet down the Produft, &c. This will appear beſt by Example. 


Example 1. Let it be required ro multiply 34.262 ae. Hb todo hs 
two places of Parts in ts Product, ply 34.2625 by 16.325, ſo th: may be but 
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1. Set down the bigger Number 34.2625 for the Aultiflicard, and becauſe you 
would have but two Places of Parrs,in your Produtt, (for according to the former di- 
reftions there would be 7 Places,) ſet the Utes Place of the nteger in the Afultipher, 
which is 6, utder the ſecond place of Parts in the ulriplicand, which 1s 6 allo, and 
tranſpoſe «ll the other figures of the 24ulrjplier, as you ſee done inthe Margin ; for 
the multiplier given was 16.325, and here you ſee it is made 523.61, ands, the place 
of Unity in the Multiplier, ſtands under 6 (the ſecond place of Parrs in the Adulri- 
plicand :) The Aful:iplicand and Aduitipher being placed in this order , hegin your 
work as followeth, beginning at the Right Hand, ſaying, once 5 is 5, ( for which 
becauſe it is 5, keep one in mind,) but tet it not down, 
but ſay again, once 2 1s 2, and one Kept is 3 3 ſet 3 under 1, Afuljplicand 3 4-262 5 


and go on with that Line, ſaying, once 6 1s 6, once 2 is 2, Multiplier 5 2.3.6 1 
once 4 is 4, and once 3 is 3, ſetting them down as you go z TSS. 
ſo ſhall the firlt Line or Product be 34263. Then goto the . : | 
next figure at the Afulriplier 6, and fay, 6 times 2 1s 12, . 2 "8 ; 
for which bear one in mind, and ſay again, 6 times 6 is 58 
36, and one in mind is 37; ſet 7 under 3, and goon with [ls 


the reſt of the figures, ſaying, 6 times 2 is 12, and 3 in 
mind is 15 ; ſet down 5 and bear 1, and fay, 6 times 4 is 
24, and « is 25; ſet down 5 and carry 2, and ſay, 6 times 3 
is 18, and 2 is 20, which being the laſt ſer down ; ſo ſhall your ſecond Line or Pro- 
dut be 20557. Then go to the third figure of the Mulriplier 3, and fay, 3 times 6 is 
18, for which (8 being above 15) bear 2 in mind, and fay, 3 times 2 is6, and 2 in mind 
is 8; ſet down 8 under 7, and fay, 3 times 4 Is 12 ; ſet down 2 and carry 1, then 3 times 


Produitt 5 5 9:33 


3 is 9,and « is 10, which being the laſt ſet down : So is the third Line or Product 1028. - 


Then for the fourth figure 2, ſay, 2 times 2 is 4, which being leſs than 5, bear none 
in mind, but go on, and ſay, 2 times 4 is 8; ſet down 8; and 3 times 2 is6, which ſet 
down alſo : So is the fourth Line or Produt# 68. Then for the Jaſt figure of the 24ul- 
tiplier 5, ſay, 5 times 4 is 20, for which keep 2 in mind, and ſay, 5 times 3 is 15,and 2 in 
mind is 17, which ſet down, and ſo is your 24wltiplication ended ; under which draw a 
Line, and add all the Produtts together in the ſame order as they ſtand in the Margin, 
and the general Prodztt will be 55933, from which ſeparate two places to the Righr 
Hand, (becauſe you were to have but two places of Parrs,) and the Produtt will be 
559 Integers, and .33 Parts, And thus may you doe to have what nuniber of Pares 
you pleaſe in your general Produt. 

Example 2. Lee ir be required to multiply the ſame mixt Number 34.2625, by the ſame 
former mixt Number 16.325 ;, ſo that there may be #0 parts in the Product, but all 
integers only. 

In this Caſe, ſet the UVnites place of the 
Multiplicand, (tranſpoſing all the figures of the 
Margine, : | 

The Numbers being thus placed, begin with the firſt 
figure of the multiplier 1, ſaying, once 6 is 6, for which Multiplicand 3 
bear 1 in mind, and fay, once 2 is 2, and one in mind is Muliplier 52.3 

3 
2 


tiplier, under the Unres place in the 
ultiplier, 2s before,) as you ſee 1n the 


33 ſet down 3 under 1; then fay, once 4 is 4, and once 
315 3; ſet them down: So is your firſt Produ# 343. Then 
g0 tothe ſecond figure 6,and ſay,s times 2 is 1 2,for which 
bear one, and ſay, 6 times 4 is 24,and one in mind is 25 ; 
ſer down 5 and hear 2 in mind ; then 6 times 3 is 18, and 
2 Is 20, which ſer down ; ſo is your ſecond Produtt 205 : 55 
Then for the third 3, ſay, 3 times 4 is 12 ; for which bear | 
11n mind, and fay, 3 times 3 is 9, and 1 in mind is 10; which ſet down for your third 
Product. Laſtly, 2 times 3 is 6, for which (being above 5) ſer down 1 for the Pro- 
duCt; add all together, the general Produtt is 559 Inregers,free from all Decimal Pars. 

This is an excellent Compendium, Examples whereof you ſhall find in the Conſtrutti- 
on and uſe of the Tables of Compound Intereſt, &c, following at the end hereof ; 
however take theſe few following ready done, 
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2 259879.99062 

+15; 5-H 8963711.1 , 
In this Example 38127 a 259 879891 
there ſhould have been 263 Es Honld ho $9 87989 
$ places of Parts, but - 7 2598701 

P 8 45 been 13 places of ” 
I needed but two. 3 Peres cut. off, bur : 4n $ . 
IS we three were ſufficient e492 
393-79 for the occaſion. 2238 
LEY 207 
2903819.94 
CHAP 1£L 


Some Examples, whereby the excellency of Decimal Mul- 
tiplication of Numbers, of diverſe Denominations 
may appear to exceed that of Vulgar Fractions, in the 
like Operations. 


Aving in the foregoing Settion, taken off the Vulgar Exception againſt Decimal 
H Multiplication, I will here (in things of publick concern) exemplifie its Excel- 
lency : And I cannot better do it, than by ſhewing how to mwlt;ply numbers of different 
Denominations one by another, and rendring the Reſale or Produtt in the known Parts 
of the Tnteger : I will inſtance in two or three, and leave the underſtanding Reader to 
be judge of the fecilry of the one, and the inrricaſie of the other. 

Example 1. Let it be required to multiply 1H. 195. 11d. 34. by 1h. 195. 11d. 34. 
and to give the Reſult or ProduCt in the reſpettive parts of the Integer. 


The Decima! anſwering to 1/;. 195. 114. 3q.is — 1.99896 
| Which multiplyed in it ſelf (according to 6.98991 


the Rule before given , for contrafting of {7 99896 
Multiplication ) the Produft will be 3.995813; 1979906 
that is 34. and the Frattjon .99581 being re- 17990 
duced, is 19s. 11 4. and that is the true Pro- 1598 
duft of 11j. ig9s. 114. 3q, multiplied in it 179 
ſelf. I I 

 3-99581 


Example 2: There are ſeven Perſons to receive 325 hi. 16 5. 9d. 4a piece, how much Me- 
ney will pay them ! 

The Decimal of 329 li. 16 5. 94. is 325.8375, which multiplied by 7, (the number 

of Perſons,) the Prodatt will be 2280 1. 17 5. 3d. and ſo much Money will pay them. 

Example 3. There 3s 4 Board, or Plank, 15 Foot, 5 Inches and an half Long, and 3 Foot, 
9 wm and 4 quarter Broad z how many Square Feet are there in = Board or 

ank ? 

The Decimal of 15 Foot, 5 Inches and an half, is 15.45833, which multiptied by 
3-77083, the Decimal of 3 Foot, 9 Inches and a quarter, the ProduCt will be - peat 3, 
which is the Decimal of 58 Foot, 3 Inches and an half almoſt ; and fo many Feet arc 
there in the Board or Plank. 

Example 4. There is a prece of Squared Stone or. Timber, which is 26 Foot, 9 Inches 
ard an half long ;, it is 2 Foot, 1 Inch and 3 quarters broad,and 1 Foot, 3 Inches and an 
half deep ; how many ſolid Feet be there in that Piece. 

The Decimal of 2 Foot, 1} Inches is 2.14502, the Decimal of 1 Foot, 8 : Inches 1s 
1.29166, thele multiplied together do produce 2.771,- &c. then the Decimal of 26 
Foot, 9; Inches (the length) is 26.79166, which multiplied by 2.771, the Produtt 

| will 


—_— 
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will be 101.025, which reduced, is' 101 Foot, and one quarter of an Inch; and ſo 

' many Solid Feer be there in that ſquared piece of Stone or Timber, as appears by the 

work following : 


2.145 2.77%. 
292.1, _97 6.2 
21 75420 
aÞ- 22626 
193 2640 
- 339 


101.025, Ec. 


— CHAP IM 
of DIVISION f DECIMALS. 


\ Tviſion of Decimal: differeth nothing from that of Whole Numbers, the only diffi- 
D culty is in knowing the true Value of the Quorient ;, that is, to know of what 
number of Inregers, and what number of Parts : And the Decimals to be divided may 


de cither, 
I by a Whole Number. 


2. A Whole Number $ by a AMixt Number. 
Zo © by a Decimal Frattion. 


by a Whole Number. 


| 8 A Mix number by a Mixe Number. 
6. | by a Decimal Frattion, 


7 by a Whele Namber. 
8. > A Decimal Fraftion& by a Mixt Number. 
9. | by a Decimal Frattion. 


Before I proceed to the PraCtice of Divsſcon in Decimals, I ſhall lay down theſe Con- 
fiderations following : | 
1. If the Diviſor conſiſts of more Places than the Dividend, there muſt be a competent num: 
ber of Cyphers added to the Dividend, to make it conſiſt of as many at leafl (or more) thax 
the Diviſor, whether the Dividend be a Whole Number, or 4 Mixt Number, or a Deci- 
mal FraQtion. e | 
2. Conſider whether there be as many Decimal Parts in the Dividend, as there are in the 
Diviſor ; zf there be not, make them as many (or more) by annexing of Cyphers. 
3. When there js an equal Number of Decimal Parts both in the Dividend and the Di- 
viſor, 41d 4 Diviſion may be made; the Quotient will (always) be « Whole Number, 
without any Decimal Parts. 
4 Conſider, that as in Multiplication of Decimal Fraftions, the ProduCt doth always 
contain as many Places of Decimal Parts, as there were Places of Decimal Parts in the 
Multiplicand and the Maltiplier ; ſo in Diviſion of Decimals, sf the Quotient be multi- 
plied oye Dieting, the Product ſhall be equal ro the Dividend ; for Multiplication and 
Divicon prove each other as hath been before intimated in the firſt Part. | 
Theſe Conſiderations duly minded, the value of the Quoriens of any Decimal Diviſion, 
may be certainly known by obſerving this following RU LE-. 
When the work of Diviſion is ended, conſider how many Decimal Parts bere are in the - 
Dividend, more thax in the Diviſor ; for that exceſs is the number of Decimal Parts, 
which muſt be ſeparated in the Quotient for Decimal Parts. Bur if there be not ſo 
many figures in the Quotient, as the ſaid exceſs is,they muſt be ſupplied by prefixing of 
Jo many Cyphers i: the Quotient, before the ſignificant figures thereof towards the 
Left OY with a PoLAt before them: And the Quotient ſhall then plainly diſcover : 
3s Value. 
L ſhall illuſtrate the foregoing Conſideratiors, and this Rule, by giving Ex xples in 


all the Nine foregoing Varieties. 
P | 1. To 
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\. To divide a Whole Number $976, by a Whole Number 23456. 


Divi ſor. Dzvidend. Quotient. 


23456) 8976.9000 (.3826, Cc. 


Remaivder 17344 


In this Example the Dzw1/or is grea- 
ter than the Dividend, therefore add 
four Cyphers to the. Dividend; the 
Diviſion ended, you find the Qzorient to 
be .3826, &c. Parrs, and of ſuch Yalue 
is the Quorient ; and to prove this, mul- 
tiply 23456, the Divi/or , by 3826, the 

uotient, the Produtt will be 84742656, 
to which if you add the Remainder 
17344, the ſumm will be 8976.0000 , 
equal to the Dividend. 

And according to this Rule, 3976 di- 


vided by 54 , the Qnoriene will be. 


166.22, Cc. 


Another Exanple of this Caſe : 
Divide 48 by 43796 


Diviſor: Dividend. 


Remainder 4 33 $0 


Quotient. 


43796) 48.000000 (.1095, &c. 


In this Example the Dividend be- 
ing leſs than the Divj/or , add 
ſix Cyphers to the Dividend, be- 
cauſe the Quotient ſhould conſiſt of 
ſix Decimal Parts, and the Diviſt- 
on ended, you find but four Decimal 
parts there; therefore (by the 
Rule ) prefix two Cyphers before 
the four ſignificant figures in the 
Quotient to make them tix, and 
then the Quoriezt is 001095 Parts, 
which is its Value. 


2. To divide a Whole Number 586, by a Mixt Number 36.4865. 


Divi ſor. Dividend. 


3648365 

2211350 

2189190 
2216000 
2189190 
Remainder 26810 


Quortent, 
36.4865) 586.000000 (16.96, &c, 


In this Example although. the Dj- 
vidend be greater than the Diviſor, yet 
there can be no Diviſion made with- 
out adding of a competent number of 
Cyphers to the Dividend ; as here you 
have added $S;x ; and the Diviſion en- 
ded, you find the Quotient to be 1606, 
and becauſe in the Dividend there are 
6 Decimal Parts, and in the Diviſor 4, 
the exceſs is 2 ; therefore cut off two 

Placesin the Quorient towards the right 
hand, and the value of the @uorjent 
w1ll be 16.06, &c. 


Another Example of this Caſe : 
Divide the Whole Number 6, by the Mixe Number 27.423. 


'Dir4ſor. Dividend. Ouotient. 
27.423) 6.000000 (218 


54346 
EEES 
27423 
241170 
219384 

21786 


In this Example, add 6 Cyphers to 
the Dividend, and it is 6.000000 ; which 
being divided by 27.423, and the Di- 
viſion ended, you find the Buorient to be 
218, Now by the former Rule, there 
being 6 places of Parts in the Dividend, 
and but 3 in the Diviſor, the exceſs 
is 3; ſo that 3 places of Parts muſt be 
cut off in the Quotient, which are all 
that are there; therefore the Quorienr is 
.218 Parts, and if you had added more 
Cyphers, there would have been more 
Par ts in the Qrorjent. 
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3. To divide a lhole Number 72, by a Decimal Fraction .0432. 


In this Example (that Diviſion may be made) add 6 Cyphers to the Dividend, and 
the Divi//on ended, you find in the Quoriewe 166666 3 and by the Rule there being 6 pla- 
ces of Parts in the Dividend, and but 4 in the Diviſor , the exceſs is 2, therefore 
ſeparate 2 Places from the Quorzent towards the Right Hand, for Parts; fo is the 

' Quotient 1666 Integers, and .56, Parts. 


{ Diwviſor. Dividend. Quonient. 
0432) 72.900000 (1666.66, Cc. 


Another Example of this Caſe : 


Divide 968 by .4325- | 
:4335) $968.00000 (2238.1 &c. 


8650 

10300. 
8650 
16500. 


| | 12975 

35250 

| 34600 
6500 

| 4325 

| 2175 

4. To divide a Mixt Number 58.271875, by a Whole Number 725. 
In this Example the Divr- 


dend conſiſting of ſox places of Dijviſor. Dividend. Quotient. 
Parts, and the Djviſor of none, +452) 58.271875 (080375 
| | you ſhould by the foregoing Rule + ++ © 7 | 


ſeparate 6 places from the Qo- | _—— 


| tient ; but the Divifon being hs = 18 

| ended , there are but 5 Places 

; in the Quorzent ; wherefore to WES 
ſupply that defe&t, place a $237 
Cypher on the Left Hand of the $275$S 

; Quotient , to make them fix, 2s | _3625 

E- you ſee in the Example ; and 3625 
the Quorient is 080375 Parts. 0000 


ay TRY 
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Another Example of this Caſe - 


Divide 755.525 by 35: | 
In this Example alſo the Dividend conſiſting of four places of Parts, and the Dj. 
viſor of none, four places mult be cut off in the Quorzene for Parts z then will the. 


Quotient be 21 Integers, and .5864 Parts. 


Diviſor, Dividend. Quotient. 
35) 755-5250 (21.5864. 


5. To divide a Mixt Namber 88 5.69864, by a Mixt Number 72.361, 


In this Example, the Dividend conſriting of five places of Parrs, and the Djviſor but 
of three, the exceſs or difference of Places is Two, therefore ſeparate two Places 
to the Right Hand out of the Quorierr, and it is 12 Integers, and .24 Part-. 


Dwiſor. Dividend. Quotient. 
72.361) 885.69864 (12.24 


Ce —————_. 


72361 
t60288 
144722 

173666 

144722 
289444 


289444 
000000 


Another Example of this Caſe - 
Divide 723.61578888 by 885.69864. 


Divide 
$885.69864) 72361578888 ($17 


708558912 
ISo568768 
88569864 
619989048 
| 619989048 
Þ 200000000 


In 
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In this Example, becauſe Diviſion may be made, add no Cypyers to the Dividend ; 
and the Diviſion being ended, you find 8 Decimal Parts in the Dividend, and but 5 in 
the Div;/or, the excels or difference being 3; wherefore ſeparate three Figures in the 
Quatjent , (which in this caſe are all,) for Parts, and the 'Quorient is .817 Parts. 


| 6. To djvide a Mixt Number 5328.625 by « Decimal Fraftion .425. 


| In this Example, although the Diviſor may be had ſeveral times in the Dividend » 
| yet,that you may have more places of Parrs in the Dividend than in the Diviſor , add 
three Cypher: thereunto ;z and when the Divifion is ended, you find 6 places of Parrs in 
the Dividend, and but 3 in the Diviſor ;, therefore ſeparate 3 places of Parrs on the 

| Right Hand of the Quotient, and then the. value of the Quoriene will be 12537 Inte- 


gers, and . 941 Parts, 
| Diviſor. Dividend. Quortent. 
425) $5328.625000 (12537.941 


ts "ET es th. ta td ae 


7 
Another Example of this Caſe : 
Divide 54.07824 by .046 
In this Example alſo, (where no Cyphers are added,) the Diviſion ended, the Quo 
tient is 117561 ; and fince there are 5 places of Parts in the Dividend, and but 3 in the 


Diviſor, ſeparate the exceſs of the Parts, which are two, on the Right Hand, and 
then the true value of the Quoriene is 1195 Inmtegers, and .61 Parts. 


Diviſor. Dividend. Quotient. 
946) 549783824 (11756t 


; | | Example 
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Example 7. To divide 4 Decimal FraCtion .06283 by 4 Whole Number 23. 


| In this Example there needs no adding of 

Mow.  Dioilentd. uotient. Cyphers to prepare the Work for Diviſion, but 

| A 4 -_ P 2 wh Xa may be done at Pleaſure, if need require; 
| 6 T: but ſeeing there is no occaſion for it in this 
DE 00 Caſe, divide .06283 by 23, and the Quorient 


= will be 237 : Now the Dividend conſiſting of 
ck 5 Places of Parts, and the Diviſor of none, 
EY. there ſhould be 5 places of Pares in the Quorzere, 
LE. but there are but 3 figures there, therefore 
69 prefix two Cyphers before them, and the true 

4 Quotient will be .00273 Parts. 


Another Example of this Caſe : 


Divide .73 by 68803. 
In this Example there is a neceſli- 
Diwuſor. Dividend. Quortent. ty of adding of Cyphers to the Divi- 
68803) .73000000 (.00001061 dend, and therefore add ſix; and 
2 then dividing .73000000 by 68803, 

538%03 _ the Quorzent will be 1061 ; and there 

being eight places of Pares in the Dj- 


EI. wvidend, there ſhould be as many in 
128 2 8 the Qzotient; but there being but 4 fi- 
©: +. 5:-Longti gures there, prefix 4 Cyphers, and 

68803 then the Quotient is .oo001061 
I7 Parts. 


Example 8. To divide a Decimal Fraftion 846 by a Mixt Number 2.43. 


In this Example there is a neceſlity of adding of Cyphers to the Dividend, where- 
fore add three, . and then dividing, (as in whole Numbers,) the Quotiene will be 
3481; then there being ſix places of Parrs in the Dividend, and but two in the Di- 
viſor, the exceſs is 4, therefore there muſt be four o_ of Parts in the Quotient ; 
wherefore before them prefix a Point, and the value of the Qzorient is!.3481 Parts. 


Diviſor. Dividend. Quotient, 
2.42) .346000 (.3481 


729 
LETS: 
972 
i980 
I 944 
360 
243 
117 
Another Example of this Caſe : 


| Divide .7320065 by 321.56 
Dzvi ſor. Diridend.  Quorzenr. In this Example add no Cyphers, be- 
321.56) .7320065 (.00228, fere, cauſe Diviſion may be made without 
| # © them ; and the Diviſion ended,you find in 


e———— ee es 


64212 | the Quorient 228, fer: Then counting 
$9886 the Decimal Parts in the Dividend, you 
"PAT | find them to be ſeven, and thoſe in the 
255745 Diviſor two, the exceſs being five, there- 


fore there muſt be five places of Decimal 


225092 Parts in the Quotient ;, and to make them 
30653 ſo, prefix 2 Cyphers before 228, and 
_ value of the Quorient will be .00228, 
247) 


Example 


. 
b 
| 


—_—— 
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Example 9. To divide a Decimal Fraction .166592 by a Decimal Fraftion 7358. 


In this Example there was no need of adding of Cyphers, and ſo the Diviſion 
being ended , you find fix places of Parts in the Dividend, and four in the Divi/or , 
the difference is 2, and ſo many figures you have in the Quorient 5 before which 


prefix a Point, and the value of the Quorient Is .24 Parts, 


Diviſor. Dividend. Quorient. 
7358) -176592 (:24 


Another Example of this Caſe : 


| Divide .00046116 by 00732, I: | 
In this Example alſo there was no need of adding Cyphers, becauſe the Divi- 
fion might be made without ; and being ended, you find but two places of Parts in 
the Quotient , viz. 63, but the exceſs of places in the Dividend being more by 
three than thoſe in the Diviſor , prefix a Cypher before 63, and the value of the 


Quottent Is .063 Parts. 


Diwviſor. Djvidend. Quotient. 
00732) 00046116 (.063 


4392 
_— 
2196 
0000. 


A third Example of this Caſe : 
In this Example there is a neceſlity of adding of Cyphers to the Djvidend. 
Divide 4 by .325. 


Diviſor. Dividend. Quotient . 
:325) 40000 (1.23 


325 
750 
650 
I000 


n—_—_— —— 


275 
25 


—— 
= _— 


| CHAP. XIE. 
Some Examples in Decimal Diviſion. 


Example 1. There 5s 2280 jj. 175. 3 d. to be divided, ſo that each Þ 
3250. 165. 9d. How many Perſons muſt there ne Wea For 


He Decimal of 2280 lj. 17 5. 3d. is 2280.8625 , which divided by 325.8375 , 


5: Talon of 325i. 16 5. 9d. the Quotient will be 7; and ſo many Perſons muſt 


325.8375 


A” - ” = 
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3253375) 22808625 ( 7 Perſons 


22808625 
00000000 


Example 2. There is a Plank, which contains 58 Foot, 3; Inches, and it 6s 1 5 Foot, 5; 
Inches Long, how Broad is that Plank ? 


Divide 58.29073 (adding Cyphers) the Decimal of 58 Foot, 3; Inches, by 15.4533, 
the Decimal of 15 Foot, 5 5; Inches, the Quorient will be 3.771, fere; which reduced, 
is 3 Foot, 92 Inches, fere, for the breadth of the Plank. 

The farther uſe of Mulriplication and Diviſion will more at large appear in the follow- 
ing Chapters, concerning the making of Tables of Simple and Compound Intereſt and. 
Rebate ; as alſo in Annuities, Rents, Penfrons, &c. But more for the purpoſes here in- 
tended, in the meaſuring of Geometrical Figures, Plain and Solid; as Board, Glaſs , 
Pavement, Stone, Timber, &c. and alſo in the works of the ſeveral Artificers be- 
longing to Building, as the Carpenter, Bricklayer, Maſon, Foyner, Painter, Plaiſterer, 
Glaſer, Pavier, &c. of which at large in the following Books. | 


OF 
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= AE 
| O F : | 
INTEREST, 
BOTH = 
Simple and Compound, - 
_ WITH | : 


TABLES 


Both kinds, ready Calculated, from the 
Rate of V. to XII. per Cent. per Annum. 


Proeme,  ,, 


SURT is derived particularly from Ulura, ab uſu zris; or generally from 

the Uſe or Occupatios of any thing, as Money, the worth or eſtimate of 

it upon ſome mutual Contraft, wherem the Debtor allows the Cerditour a Loan in 

lieu of the Money or Goods borrowed: This in times paſt hath been at liberty, as 

Men could agree ; but when the inſatiable avarictouſneſs of rich Miſers extrated 

Extortion from the indigency of Borrowers, the corroding Uſe of Money wAS by- Pro- 

vident | Laws confined to a certain Rate, as to 101i. per Cent. per Annum, 

afterwards to 8 li. and'now of late Tears to 6 i. that is, if a Creditour lends r001i. 
for a Tear, he may legally exaf 6 li. profit for the ſe of the t001i. lent, 

Money put out to Uſe is divided into three parts, viz. Principal, Time, and - 
Intereſt : The firſt ſignifies the Summ or Value of the Money or Goods ſo lent ; 
Time is the forbearance of it, as Days, Weeks Months, or Tears ; Intereſt is the 
profit that ariſeth from the other two; and is derived from two. compound Latin? 
Words, Viz. inter nd eſt, gb eto, to eat or devour, as it is the property of Uſe 
to doe :\ They have theſe proportions ; As the Principal to the Zime, G is the Rate 
contralted for, and intereſt, to it ſelf ; and generally as commixt with one another. 

Intereſt reſembles Janus with two Faces, one. looking upon the Time paſt, nail the 
other on that to come. In this Track the Principal runs likea" Snow-bdt, *rifone- 
upon an &veu Superfieres, equally moving, bat the increaſe: tnegual, althought pro- 
port tonal to the Body, as it is magnified in the motion; and if continued, in time 
it will gather up af ; and this is called Forbearance: And Rebate, or Diſcompr E 
of Money is like the Track in which a Suow-ball is moved, and-in its deſcent takes 
wp all, untill it is ftayed, leaving the Ground bare; from whence it takes a ſeeming 
ortgrnat,. where Time hath not arrived, but 'bebolds it, 'as .Sea-men an Ohjett, 
which ſeems little at a great diſtance, and increaſes (þ yy the Optick Senſe,” by 


inſenfible approaches. © : 
_ Oe 
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USE or INTEREST hath in either Predicament two Species, Viz. Sim- 
ple and Compounded, the firſt is computed from the Principal and Time only, _ 
a certain Rate given or allowed, whether hrs, or deſcending, as in Forbea- 
rance, or upon Diſcompt ; which are thus explained ; | 

If kx be continued for Two Tears, at 61i. per Cent. per Ann. the Cred;- 
tor at that term of time is to receive but 112 li. that is 12 11. for Simple Intereſt, 
in loan of the Money forborn: And here 1ooli. is the Principal lent, the term of 
time two Tears, the Uſe or Rate of Titereſt 61. per Cent. per Ann. and this is 
Simple Intereſt : But in Compoun Intereſt, the #1 Payment attratts a proportio- 
nal Uſe; as, admit in annual disburſements in the ſecond Tear there is an ſe 
required, or 7 ed »þon the 6 hi. due, *if continued ; and therefore it is called 
Intereſt upon Intereſt. - 

Diſcompt, or Rebate of Money, is upon a Lggacy, or Summ of Money due to be 
paid at a time to come; yet ſatisfied or diſcharged with ſo much preſent Money, 
as immediately put forth at an Intereſt or Rate allowed, forbor untill the Legacy 
ſhould have teen ue, returns again to its firſt Trinctpal or Sum ; the Money paid 
being computed at the ſame Rate of Intereſt for the Forbearance, as was the Dif 
compt made. All which ſhall be Uluſtrated by variety of Examples. 


(7 CHAP/L. FE 
of SIMPLE INTEREST. 


THat Simple Intereſt is, hath heen already declared in the Prozme, and for the 


L Arithmetical working of Queſtions of this nature this is the Proportion : 
As the Principal and Time for which a Loan is allowed, 
£- Is. unto the.Intereſt thereof ; - - He 


p fr 


So wilt any other Snmm of Money to be borrowed, 
| Be to the Intereſt 'for the ſame time. | | 
\ . "Example 1. What 5s the Imereſt of 145 li. for'« Tear, - at 61i. per Cent. 
The Proportion 1s," I : | . 
ERA As 10045, is to'64;, fois 14514. to 8.70 h. 
" Mit Wb Xi. ibe Prod wid bs Bacs which 'þ | 
dtiply 145 li.. by 6 li. the Produtt will be 870; which divided by 100, (by cutting 0 
. rao fen, ) the Quotient will be 8.750 1i. which-3s $1i. 145. 8 ae FLA of Wo 4 
2 AIG, ves | I SN | 
Example 2. What is the Intereſt of 250i. for 5 Months, at 8 per Cent. 
Fhe Proportion is, -..' / SHE | 
- ' As 1004. inr2 Months is to 86.0, © \ 
So is 259 4i. in 5 Months, to 84; 65. 84, 
Multiply 1001i. by 12 11, the Produth will be 1200, \for a Diviſor ; "then multiply 259 li. 
by : It. the Produtt will be 2000, and that multiphed %y $ Manths, the Pradift mill 
be 10000 for a Dividend ;, then djvide 10000 ( 7 Cyphers if need be) by 1200, 
the Quorient will be-$.33 li: 2\.\ 2 VIIRL SRER x 
This Qpotient 8.33 reduced is 84..65. $4. forthe" Imereſt of 25046. in 5 Months, 
at Lol Ga for a Year, = XN -2hts 40 © wa 
Example 3. Ore lent 656 li. which was x d at the; zud.of 6 Months, 3 Weeks, and 
Days; What came the Intereſt thereof to, © 6 er. o 7 OR es Attaters | s 
Phe Proportion is, TT Es os | 
ps As 100 h. in.365 Days, is to's li. , | 
S9 Is 650k, in 192 Days, to 20h. 105;'34. 39. Yere. 
Moltiph 365 b be P att wil be 36300, f ii al oY 
ramtipiy 305 vy 100, 'tve Fro e 36500, "for. a Diviſor ;, alſo multiply 659" by 6; 
and the Produtt of that by 650, the laſt Produft wit be 748800 ; then Ph os Pro 
autt (adding Cyphers) by the former Diviſer 36500, and the Qu0zient will be 20.515, 
and anſwers the Queſtion. | | 


\ * 


Which 
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Which Quotient 20.515 reduced, Is 2015, 105. 34d. 39. fere - And fo much doth 
\ the Intereſt of 650/;. amount unto at the end of 6 Months, 3 Weeks, and 3 Days, 
which is 192 Days. | Wy 

Example 4. What doth the Simple Intereſt of 265 li. 13s. 4d. I Q. amount ynto in a 
Year, at 6 per Cent. 


The Proportion Is, = 
As 1c li. is to 64. ina Year, 


So is 265 li. 135. 44. 19. tO15 hi. 18s. gd. 29. in a Year. 
; The XV LE 

Reduce 265 li. 13S. 4d. 1%. into a Decimal Frattion, and it will be 265.667 li. this 
multiplied by 611, (the Rate of Intereſt, produceth 15.94002 ; and that divided by 

100, (by cutting off the two laſt Figures, ) the Quotien: will be 15.940. 
Which reduced 1s 15 /z. 18s. 94. 3 9. fere, for the Intereſt of 265 li. 13 5. 4d. Ig 
for a Year. n 
And thus may the Intereſt of any Summ of Money, for any time and any rate of 
Intereſt be attained 3 and by theſe few Rules the following 'Table is calculated, at the 

Rate of Intereſt now by Law eſtabliſhed, viz. 6 /s. per Cen. per Annum. 


PROBLEM, 


How to find the Intereſt due upon any Summ of Money, for any numter of 
- Days, and at any Rate of bteh - 


To perform this Work this is a general RULE: 
Multiply the Principal Summ by the Rate of Intereſt, and that Produtt by the Number of 


Days propoſed; this laſt Produtt divided (always) by 36500, (the number of Days in 
a « er ewo Cyphers added, ) the Quotient will anſwer the Queſtion. ck 
Example 1. What will the Intereſt of 752 11. amount unto in 232, Days, at 61i. per Cent. 
Multiply 752 4. (the principal Summ,)by 6 /i. (the Rate of Intereſt,) the Produtt will 
be 4512 z this multiplied by 232, (the number of Days, ) produceth 1046784 ; and 
this Product (adding Cyphers, if need be,) divide by 36500, the Quotient will be 
28.679 fere, which Decimal Fraction reduced, is 28 i. 13 5. 7 4. and ſo much will the 
Intereſt of 752 1. amount unto in 232 days. | 
Example 2. What will the Intereft of 801i. 10s. amount unto in 120 Days, at 9li. 


per Cent. 


The Principal — 8 o.5 
Multiplied by the Rate of Intereſt —— —— ———C HY 
The Produtt is — —— 7245 
Which multiplied by the nnmber of Days — ———— 120 
The ProduCt thereof is — — — — — 09,00 


Djwviſor. Dividend. Quotient, 
36500 ) 869400.000 ( 2.3819 
Which Quoticut reduced, is 2 li. 7 5. 8 4. for the Intereſt of 8915. 10 5. in 120 Days. 
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CHAP. IL 
Of Diſcompt or Rebate of Money. 


PoR diſcompt or rebate of Money, this is the Proportion : 
As 1e04. and its Intereſt , at a Years end, 
Is to a 100 {i 
So is a 1007.1. 
To the preſent worth of a 100 {:. 
For as 106 bs. is to 10015, ſo is 100i, to 94.3396. 


Diviſor. Dividend. Quotient. 
106) 100000000 (94.3396 


So that a 10015. to be paid at a years end, is worth in preſent Money 94 i. 6 s. 9 4. 
29. And this is the difference between Intereſt and Rebate ; for you are not to re- 
bate 6/5. of a 100/;. to be paid at the years end, but 5 l;. 135. 2d. 29. which is 
leſs then 6/:. by 6 9. 94d. 2d. Thus for a year, but if you would know the rebate 
of any other ſumm, and for any other time more or leſs than a year, then uſe this 
Proportion : | 
As 1c01;. with the Intereſt thereof, for any time required, 

Is to 100/14. | 

So is the debt due to be paid at the expiration of that time, 
To the preſent worth thereof. 
Example, If « Legaſie or other Summ of Money, as 345 li. be de to 'be paid at 6 
Months end ;, whas preſent Money will diſcharge the Debt ? 
Say by the Rule of Proportion, 
As 103k. is to 1c01j, ſois 345hi. to 334 hi. 1995. 14. 
Diviſor. Dividend, , Quotient. 
103) 34500.000 (334951 

Which Quotient 334.951 reduced, is 3346. 19s. Qd. 19. And ſo much is to be 

paid for the 345 /*. abateing for the ſaid fix Months 104. 05. 11d. 2q. whereas the 


Intereſt thereof for the ſame time, is 10/15. 75. the difference being 6 5. 2 4. And ac- 
cording to this Proportion, is the following Table af Diſcompt or Rebate Calculated. 


Diſcompt 


Decimal ARITHMETICH. | 1 
| 
Diſcompt, or Rebate; / at VI. per Cert. for 
[| 1 Month. | 11 Months. | Ill Months. | IV Months. | V Months.” | Vt Montts. 
Pound ti. 5. d. 9.| ti. 8. d.g\| ti. s. d. q.| bh. 5. d. q.| bi. . d.g. bh. 3. 4.9 
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CHAP. IE 
Of Equation of Payments. 


OR the reſolving of Queſtions belonging to this Rule, there are ſeveral Ways 
propoſed by ſeveral Men, which (although they come near, yet they) do not 
exactly perform the Buſineſs intended (or aimed at. ) | 

$1. Equation of Payments are of two kinds,73z. (1.) ſeveral equal Payments due at equi- 

diſtant times: (2.) Of ſeveral unequal Payments, at ſeveral times not equidiſt ant. 

For the firſt of theſe, viz. for Equation of ſeveral equal Payments at equidiſtant times 

this is the general RULE - 

From the whole Amount of the Annuity, er monthly Payment, ſubtratt the Aggregate of 
the ſeveral Payments, and the Remainder (if yearly) multiply by 365, or (if month- 
ly) by 30.416 Days : Then divide that Product by the Annual or monthly Intereſt of 
the ſaid Apgregate, and the Quotient will give the number of Days before the end (or 
Term) of the Annuity or monthly Payment. 

' Example 1. Jf A be to pay unto B 10011. per annum, for five years; and they both 4- 
gree that A ſhall pay to B the mhole 500 li. at one mire payment, at 6 per cent. Now the 
Queſtion js, to know at what time before the expiration of the whole five years, A muſt pay B 
this 500 11. 
According to the RULE: 


From the whole amount of the Annuity in the five years —— 560 


Subtract the Aggregate, = — 500 
The Remainder is — —o— - — ———60 
Which multiplied by -— _ — — —— 365 
The Produtt is — X - 21900 


That Product divided by 30, the five years Intereſt, the Quotient is ————7 3 © 
So that the 500 /;. muſt be paid 730 days before the expiration of the five years : 


Divide 730 by 355 days, and the Quotient will be 2-years; fo that 4 muſt pay unto 


B the 500 /i. at the endxof 3 years. | 
Example 2. A js to pay unto B 621i; per annum for four years, but they agree to pay 
the Aggregate of the ſeveral ſumms, viz. 2481i. at one intire payment, at 6 per Cent. 
How many days before the expiration of the four years muſt this payment be made ? | 
Look in the Table of 6 per Cenr. for the Amount of 100 i. in 4 years, and you ſhall 
find it to be 436, this multiplied by 62, the Annual Payment ; the Product is 27032, 
which divide by 100, and the Quotient is 270.32 /5. for the Amount of 62 /:. in 4 years, 
being thus prepared, go on according to the Rule; as followeth : | 


1, The Annual Payment for 4 years is  —_ 62.90 


2. The Amount of that in 4 years tis —— 270.32 
3. The Aggregate, or four years payment is 248.00 
4- The Annual Intereſt of the Aggregate is = —14.88 
Out of the whole Amount - — 27 0.32 
SubtraCt the Aggregate ——— —_ ——— 48.00 
The Remainder is —— — —— — 2. 2 
Which Multiplied by 365 days Cr ee E—_ CS 
The Produdt is mmm tm —_— —— 1,630 


This Divide by 14.83 the Annual Intereſt, 
Diwviſor. Dividend. Quotient. 
1488) $146.800 (547.5 


- Which Quotient is 547 days and an half, and ſo many days before the expiration 
of the four Years, muſt the ſumm of 284 i.” be paid at one intire payment; or which 
Is the ſame, two years and 192 days and an half after the Agreemenr. 
To prove this: Ler 248 li. be put out at Intereſt at 6 per Cent. for 1 Tear, and 172 
Days, and an half ;, I ſay if the Intereſt thereof in that time, do amount unto 270.32 hi. 
the work, is proved ? | 


R Thus 


——— 


Cursus MaTHEMATICUS. Book 1. 


114 
Thus the Intereſt of one Pound for one Day is ———- 000164383 
Which multiplied by — no———_—_ _ EmIeIEomeoereeF' 4, 7,5 
The Produdt is ne ERPs SE 0899996925 
Which Produdt again multiplied by 245, the BBregare, þ 5 
the ſecond ProduCct will be —— ————_—_ —_— 999977000 


To which add 2 4 8. 
The Summ is 27 0.319999 77680 
Exa&ly proving the former Work. 


Example 3. For monthly Payments, A 3s ro pay unto B, 100 li. 4 month, for 5 months, 
at what time muſe he pay it at one intire payment at 6 per Cent. 
The Intereſt of 1 4. per month is | — — ——oo 
Therefore ,oa5 being multiplied by 500 /i. gives the monthly Interelt © [ 2500 
5OO li. Viz. ann FOES: SFr TT ENT Fad ans ; 


The ful Amount of 5 monthly Payments of 100 {:. is - —5 00.29 
The double of the monthly Intereſt is | CT —_ -5.000 
The whole Amount — —— _ 505.000 
From the whole Amount ——— — — FO 5. 
DeduZt the Aggregate — ———__— —— 00 
The Remainder is = — —— — _— ——O005 


Multiply 30.416 (the days in a compleat month) by 5, the ProduCt will be 152.c80 
which divided by 2.500 (or the monthly Intereſt of 5001.) the Quotient will be 
60.832 days, that is 60 days, and about 20 hours, which is 2 compleat months be- 
fore the 5 months; or three months after the day of agreement. 

© 2. For Equation of Payments unequal, and at times not equidiſtant, this is the 
general RULE: ' | 

Find firſt the true Amount of each of the Summs, from the firſt day of agreement, to the 

laſt day of Payment ; (as ſuppoſing them ro be forborn till the laſt :) Then ont of that 
dedutt the Aggregate of the reſpettive Payments, and multiply the remainder (if an- 

' nutal) by 365, or (if monthly) by 30.4166. and the ' Produft divide by the Annual, 
or monthly Intereſt of the ſaid Aggregate, the Quotient is the number of Days from the 
laſt day of Payment, accounting backwards. 

Example 1. Jf A be debtor tro B Foo li. zo bepaid at ſeveral unequal Payments, viz. 
300 Il. at the end of foxr months, 100 li. at the end of ſix months, and 100 li. at the end of 12 
months : Now it is agreed to diſcharge the Debt at one intire Payment, Ar what time muſt this 
Debt be paid, without damage to either party ? 

The Operation according to the RV LE: | 

Firſt the length of time from the beginning of the contract, to the laſt day of Pay-_ 

ment thereof, is juſt twelve months. 


1. Then in the firſt place 300 li. payable after 4 months, and being for- 

born to the end of 123 months ; hath 8 months Intereſt to account for, viz. F * ©? 29 
2. In the ſecond place 100 {;. payable after 6 months, and being forborn 

12 months, hath 6 months Intereſt to account for ; viz. —- io - _—_ 


3. To theſe two Intereſts, add the whole Debt, viz. ——-— 500.000 
The whole Amount is — CEO IESIED =P 5.000 
4+ Then out of the whole Amount —— - — 515.000 
DeduCt the whole Debt _ = — . —— 00.000 
The Remainder is » —- — nn an oa 15.000 


This done, the Proportion will be, 
As 2 {:. (the Intereſt of 5001;. for one month,) 
Is to one month ; | 
SO 1S 15 (i. (the Remainder, ) 
To 6 months, 
And that reſolves the Queſtion, and is the time at which the Payment of the whole 
Debt 1s to be made. | 
AS 2.571. is to I month, ſo is 15 4. to 6 months. 


So that if the whole Legaſie be paid 6 months before 12 months be compleated, 
o (which 1s the fame) at 6 months end, there will be no loſs or damage to eitaer 
arty, 


For 


__ —: 
+4 
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For proof of this, 


r. The firſt 300 i. was due at 4 months end, and being continued 2 moriths? 4. 
 __ Jonger; the Intereſt thereof for 2 months is 3/5. and the whole amount is — f 39 3 
2. In the next place 100 4. pald at 6 months end is the time it was due, and is "FM 


juſt 7 PO EIO AER — — 
3. The other 100 /5. paid 6 months before its due time, muſt take an abzte- 

ment of 3 {ij. and therefore muſt he=—— wenn 97 
The Total —— TEIIIAERE ROE er as ————_—_— I 


So that as in the firſt ſumm, there is an increaſe of 3 /:. ſo in the laſt there is a de- 
creaſe of 3 /i. which ſet one againſt the other, the whole amount is 500 45. to be paid 
| at 6 months end, and ſerves to prove the former Example. | 
| Example 2. A is to pay unto B 10011. per annum for five years, and they agree that 
| A ſhall buy it off at the end of any of the four years , for at the end of 5 years, nothing leſs 
* then the whole 560 li. will ſartisfie the Debt ? 


= a} $32<6138 
Thus the preſent worth of | Secon 474-5762 
the whole amount +4 Third _—_ end, 500.0000 
| 560 (i, at the | Fourth | 528.3018 
| Fifth } L 560.0000 


Which Numbers are found, by help of the Numbers in the third and fourth Column 
| of the following Table (ar 6 per cert.) 
And the Proportion for finding them is, 
As 100 4. (the amount of Annual Payment,) 

Y | Is to 94.33962 (the preſent worth of the firſt year ;) 
E 1 So is 560 45. (the whole amount in five years,) 
| To 528.3018 the preſent worth at the firſt year's end. 

And ſo of the reſt as followeth, 


1001  94.33962) C528.3018 

| | 206] [ 183.92856| Sois 500.c000 

bj As4 3185 Tog 269.491525$5604.4 474-5762 

| [436] [3571-61290 ro 133*:5729 
i 439-7690 , _ 


| ($59) 1430-76923} 
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A Table of 


the Amounts and Preſent Worths of an An- 


wuity of 100 li. for five Tears, for ſeven ſeveral Rates 
of Intereſt. | 
[9s The A- } Amounts | The preſent | The particu- The Amount 
mounr of | of Annual Secures of rhe | lar of che Total 
100 /i. in | payments | firſt year, 2d | worths of the preſentworch 
1,2, 3 4, | artheend | year, 3d year, | firſt, ſecond, ot all the five | 
org years. | of 1,-2, 3, | 4th year, 5th | third, fourth, Fayments, ar 
md 4, or 5, | year. or fifth year, the end of: 
= years, the 1, 2, 3, 4z 
| or 5 ,years, 
was -1- ''- IOI I 00 99,0099Q | 9y9.00990 |490.57142] 
2 IO2 201 | 197.05882 | 98.04892 | 495.42856 
At I. per Cent. | 3 | 193 303 | 29417475 | 97-11593 | $99.28570 
| 4 I 04 406 | 3990-38461 | 96.20986. F95.14255 
F | 2oF ſto | 485.71428 | 95-32967 5©9-99999 
485.71428 | 
YO. I 102 100 | 98.03921| 98.93921 '482.18181 
2 I04 202 | 194.23076 | 96.19155 49163635 
At II. per Cent. | 3 | 106 306 | 288.67924 | 9444848 | fol.09089' 
4 108 412 | 387.48148 | 92.80224 |F10.54543 
e'1: 270 p20 |472:72727)| 91.24579 | 519.99999 
ws 1472-72727 |____ 
| 1 103 Ioo 97.98737| 97.098737 |474-69564 
2}: x06 203 | 194:50943 |  94.42206 |403.52173 
At IL. per Cert. | 3 Io9 309 | 283.48623| 91.97680 | $02.34782 
"18 I12 418 | 373.21428| 89.7280; | 516.17390 
[5] 715 | $30 [460-86956| 8.65528 | $29.99999 
YE PEN! 460.56956 Ln 
Wy I Io4 Ioo | 96.15384| 9615384 |468.00000 
2 108 204 ,; 188.88888]| 92.73504 !486.00000 
At IV. per Cent. | 3 II2 312 |278.57142 | 89.68254 | f94-00000 
4. II6 424 | 3655-51724 | 86.94582 | $22.00000 
5 I20 F4o | 450.00000 | 84.48276 ; $40.00000 
450.00000 | 
1 | of ! 100 | 95.23809] 95.2385 | 461.99999 
2 Ilo 205 | 186.36863| 91.12554 | 483-99999 
At V. per Cent. | 3 | 115 315 1273-91304] 87.54941 | $25-99999 
4 I20 430 | 358.33333| 84.42029 1527-99999 
E425 F5o | $39-99999 | _ 1.66666 | $49-99999 
je Ee nn TEL SIEIY AY 
x I 106 Ioo | 94.33962 | 94.33962 |456.61538 
2 I12 206 | 153.92856 | 89.58894 | 482.46153 
At VI. per Cent. 3 I18 318 | 269.49152 | 85.56296 | 508.30769 
L 4 «124 436 | 3511-61290 82.12138 f34-15384 
F| 2730 | F60 [43076923 | 79.15633 | $59-99999 
Kr * Bs 4302-76923 
I IIo Ioo | 90.90909| 90.90909 | 449.90000 
| 2 I20 2TI0 | I75.00000] 84.09990 | 480.009000 
At X. per Cent. | 3 130 339 |253-84615| 78.84615 | $20.00000 
4 I4o 460 | 328.57142 | 74.72527| $60.00000 
F Ifo 600 | 400.00000 ©71.42858 600.:0000 
s Fn ph 399-99999 


This 
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This Table ard the foregoing Examples of Equations of Payments, are ſuch as are 
ſer down by Sir 5. /orelard in hig Doctrine of Simple Intereſt. 

Here follow ſome other Rules for Equations of Payments, which (if not ſo exalt yet) 
are performed with more eaſe, and althqugh in great Summs, and long times of Pay- 
ment, they may differ ſome ſmall matter; yet ſmall fumms and ſhorr times being of 
more frequent uſe, and the difference being inconſiderable, I ſhall here inſert the manner 


of making them, 
$ III. Of Equations, when the terms of Payment are equal. 


Example 1. A owes 10 B 400 li. to be paid at 4 ſix months, that 3s 100 Ii. at 6 months, 
100 li. at 12 months, 190 li. at 18 months; and the laſt 1co1l. at 24 months : But it 
is agreed to pay all the money at one entire Payment. Now to know the true time of Payment 
is the thing required. * | : | 

Here in this Queſtion, both the Summs to be paid, and the times of Payment are 

ual ; and to reſolve the Queſtion this is the XKULE: % 

Add one term of time of Payment to the terms of time given, and half that number of terms 


ſhall be the time of Payment ? 


In this Queſtion the terms of Payment are four, and each of them ſix months, which . 


are 24 months, to which add one term more, and they make 30 months; the half 
whereof is 15 months, at the termination of which time the Payment is to be made. 
Example 2. If A be to pay unto B 10011. a year, for five years; at what term of time 


ſhall A pay unto B the whole 500 li. at one entire Payment ? 
 Kere the terms. of time are five, to which add one term, and they make ſix years ; 


- the half whereof is three years, at the end whereof 4 ought to pay unto B 500 4H. at 


one entire Payment. And this agrees exactly with the firſt Example of the former 
way of -workting:- -- 5a 

Example 3, A is to pay unto B 248i. at 4 equal Payments, viz, 621i. at 12 months, 
62 li. «t 24 months, 62 li. at 36. months, and 62j1h, 4t 48 months: At what time ought 


it r0 be paid at one engire Payment. ME SE 
Add 12 months tg\the 48 mopths,.and. they \make 6p tpohtfe, the half pfhereof is 


30 months, at the end of which time A is to pay B the 248 5. at one entire Payment, 
which 30:montiis contain 547 days and an half ; exactly agreeing with.the, epgoing 


ſecond Example. 


SIV. Of Equations of Payments, when the Summs of Money, or Times of Pay G 
ment be different ; as, | 


4 


Example 1. A 3s ro pay vnto B gooli. in this manner, 100 li. at 3 months, 109 li. at 
6 months, 100 11. at 12 months, and 100 Il. at 24 months. At what time is it payable at 
one intire payment ? | | 

To reſolve this and the like Queſtions, this is the RULE: 

Malriply the ſeveral Summs by the times of their reſpettive Payments, and add them all 

together, then divide that Summ by the whole Debt ; and the Quotient ſhall give you 
the term of rime, for the entire payment at once. 


: 3-5 300 
Thus, 1007:. multi- ) 6 C months, ) 600 
plyed by 12 is 1200 
| 24 ) 2400 
y__ —_— ---Fhe-Summ—3 5 0-0- bac > 


This Summ divided by 400 {j, the whole Debt, giveth in the Quotient 1.25, Or ir. 
months, and a quarter ; at the expiration of which time, after the time of the con- 
tract, muſt the 400 {j. be paid at once. | 

; xaayple 2. A js ro pay unto B a Legaſie of 5co li. un this manner, 300 li. at 4 months, 
Leal. wt 6 months, and 100 li. at 12 months : At what time muſt it be paid at once. 

- According to the Rule before given : 


300 4 1200 
i 05 © mukiphed by 9 ITS 600 
100 +2: 1200 


ooo wrnnnn ny nn —_—_—_— 


$5009 | The Summ 3000 


Which 
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Which Summ divided by 500, the Quotient will be 6, and at that time ought the 
$00 lj. to be paid at once}; and this agrees exattly with the ſame Queſtion, wrought by 


the preceeding Example 1. 


And this reſolves the Queſtion, according to the Intereſt Table : for,” 
| li. lis 5. & 
300 4 | ; 6 ©0 0 
The Intereſt of < 100 Þ>in 6 pmonths, is 3 © © 
l0O "C12 6 © © 
þ Inall i5 © © 


And the Intereſt of 50013. in 6 months is juſt 15 b. 
But to reſolve this or the like Queſtion, more exaCtly, 1s by the Rebate of the Mo- 


ney, and not by the Intereſt : And thes, 


hi, h. $., d. q. 

300 - 0294 2 41 

The Rebate of ; IOO for 6 >months, 1s $7 2. 90 

I OO I'2 | 94 6 92 

< 435 10 10 2 
But the Rebate of 500 {;. for 6 months is but 4385 8 83 


The difference o00 2 1 3 


And thus have I done with Simple Intereſt, and Rebate or Diſcompt of Money ; as 
= with Equation of Payments : And now I ſhall proceed to Compound Intereſt, and 
ny 


——— 


CHAP. IV. 
Of COMPOUND INTEREST. 


A ND of the Conſtruftion and Uſe of Tables thereof ready computed, from 5 to 
12 Pound, per cent. per 47mm, Compound Intereſt, and for any n of 
years under 31. With yariety of Examples, to explain the uſes of them. 


Tabk 


rn 
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by bj But bY au 


to to] = We bs buy _ 
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umber of Years that the Money is put out for. 
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TABLE TL 


Shewing the Increaſe of One Pound (or 


f 
expreſſed : Viz. At 


orth at Intereſt upon Intereſi, at any 


205.) yearly, being put 
of the Rates here under 


| 


v. [wm | wm | mw [+ *% a 
Per Cent. | Per Cent. | Per Cent. | Per Cent.| Per Cent.| Per Cent. Per Cent. 
1.05000 1.06990 1.07000. 1.08000 1.09000 1.10009 | 1,12000 
1.10250 | 1-12360 | 1.14490 | 1-16640. | I-I88ITo | I-2I000 | 1.25440 
I.15762 | 1.19101 | I1-22504 | I-2597E | T-29502 1.33100 T.40492 
I.2I550 | 1.26247 | 1.31079 | 1.36048 | I-41 158 | 1-46410 | 157351 
1.27628 | 1.33823 | 1-4925F | 1-46932 I.53862 | 1.61051 | 176234. | 
1.34009 | 1.41851 | I-$0073 1.58087 | 1-67710 | 1-77156 | 1.97382 
1.40710 | 1.50363 | 1.60578 1.71382 | 1.82803 | 1.94871 | 2.21068 
1.47745 | 1-59384 | 1-71818 | 1.85093 1.99256 | 2.14358 | 2.47596 
-I.FF132 | 1-68947 1.83845 | 1.99900 | 2.17189 | 2.35794 | 277397 
1.62889 | 1-79984 | 1-96715 | 2.15592 2.36736 | 2-59374 | 3-19584 
1.71033 1.89829 | 2.10485 | 2.33163 | 2-53042 2.85311 | 3-47554 
r.79585 | 2.01219 | 2-25219 | 2-51817 2.81266 | 3.13842 | 3.89597 
1.88564 | 2.13292 | 2-49984 | 2.71962 3.06580 | 3.45227 | 436349 
1.97993 | 2-26090 | 2-57853 | 2.93719 | 3-34172 | 379749 4-387I1 
2.07892 | 239655 | 2:75997 |_3:17216 | 3:64245 | 417724 $-47536 
2.18287 | 2.54035 | 2-95216 | 3-42594 | 3-97039 | 4-59497 6.13039 
2.29201 | 2.692797 | 3-I5881 | 3.70001 | 4-32763 | 505447 6.86604 
2.40661 | 2.85433 3-37993 3.99601 | 4-71712 | F-55991 | 7-68996 
2.52695 | 3-02559 | 3-61652 | 431579 | F-I4166 | 6.IIFg1 8.61276 
2.65329 | 3-29713 _3-86968 | 4.6629F ſ-6244T | 6:72749 _9-64629 
2.78596 3-39956 | 4-14956 | 5.03318 | 6.10 80 | 7.40024 | 10.80384 
2.92526 | 3.69353 | 443942 | $-43654 6.65860 | 8:14027 | 12.-I0031 
3.97152 | 3.81975 | 4-74953 þ 5-87146 | 7-25787 | 8.95430 | 13-55234 
3.22509 | 4-04893 | F-07236 | 6.34118 7.91108 | 9.84973 | 15-17862 
3-38635 | 4.29187 | 5.42743 | 6.84847 8.62308 |10.83470 | 17.00006 
3-55567 | 4-54938 | 5-80735 | 7-3963F5 | 939915 |I1.91817 , 19.04007 
3-73345 | 4.82234 | 6-21386 | 7.98806 10.24508 | 13.19999 | 21.32488 
3.92012 | F.11168 | 6.64883 | 8.62710 |11-16713 | 14.42099 23.88386 
4.11613 | 5.41838 | 7-11425 | 9.31727 |12.17218 |15.86309 26.74993 
| _3ol 4.32 194 | 5.74349 | 7.61225 |10-06265 |1 326767 117.44949 | 29:##992 
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S I. The Fabrick or Conſtrution of TABLE L 


The Proportion for the making of this Table, is this; 
| As 1001. 
| Is to 100 5, with its increaſe for a year, (ſuppoſe 5 6.) 
So is 1 li. 
To 1h. and its increaſe in a year : 
For, as 100 /i, is to 105 li. ſois 14. to 1.05. : 

Here 105 being multiplied by 1, produceth only 105, which being divided by 100, 
the Quotient is 1.95, which is the increaſe of 1 5. for a year, and this 1.05 (with 
Cyphers) is the firſt Number in the Table of 5 per Cerr. 

Then for the ſecond Tear, 

As 100hb. | 

Is to 105 65. the increaſe of 10015. in a year ; 
So is 1.05, that-is, 1 /;. and its increaſe 
To 1.1025. | 
Which is the ſecond number in the Table, and is the increaſe of 1 5. in 2 years, 
Then for the third Tear, | 
As 100i. to 105i, ſois 1.1025 ls. to 1.1576225 b;, 
Multiply and divide, and the Quotient will be 1.157625, which is the third num- 
ber in the Table ; and is the increaſe of 14. in 3 years. 
el Then for the fourth Tear, 
As 100 {s. to 10g ti. ſo is 1.157625 to 1.2155062, 
Which is the fourth Number in the Table, and the increaſe of 1 {;. in 4 years. 
For the fifth Number, 
| | As 100 li. to 10g ls. ſo is 1.2155062 to 1.2762815, 
The fifth Number in the Table, and the increaſe of 1 /z. in 5 years. 
And ſo of all the reſt; 
For as the Table of 5 per Cent is made, fo are all the reſt of 6, 7, 8, &c. For, 


li. 
C106) ſ 1.06000? 
107 | | 1.07000 | 
As 100hj, 3 108 » "HERR 1.08000 ; The firſt Number 
is to 49 Iog p 90 1514, to : 1.09000 { incach Table. 
110 | 1.10000 | 
i125 L 1.12000 


And let this ſuffice for the Conſtruttion of the Table ; now followeth its Uſe. 
The Uſe of Table I. 


Board wig of this Table (and of all the rates under this Head) will beſt appear by 
mples. 
Example 1. Jf 25 li. be put out for 7 years, at Intereſt: upon Intereſt at Cent. 
what Summ will the ſaid 25 li. be augmented to, at the or 7 Ts {5 ala 
Look in the Table (in the firſt. Column to the Left Hand) for 7 years, againſt 
which (under 5 per Cer.) you ſhall find 1.4071; which is the increaſe of 1 /;. in 7 


years. 
| [z | Then fay by the Rule of Three, 
If 1 li. in 7 years will be augmented unto 1.4071, uno what will 25 li. be augmented 
in the ſame time? 
; _ As 14. to 1.4071, ſo is 251. to 35.1775 hi. 
Multiply and divide, the Quotient will be 35-1775 41, or or TU (as before is 
taught,) 354. 3 5. 74. fere. 
; _ ſo much will 25 /z, be augmented in + years, at F hi. per Cent. Compound In- 
Example 2. If 360 li. be put out for 16 years, at $1i. per Cent. (Compound Intereſt ,) 
what will it be augmented unto, at the expiration of the 16 years ? 
Look in the firſt Column of the Table for 15 years, and right againſt it, (under 


8 per Cent.) you ſhall find this number 3.42594 ; and to ſo much will 1 /. be augmen- 
ted in 16 years, at 8 per Cert. | 


Then 


WES 
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| : Then ſay by the Rule of Three, | 
If i li. in 16 years will be increaſed 10 3.42594, anto What will 3601i. be increaſed in 
that time? 

As 1 /s. to 3.42594, ſo is 3601s. to 1233.33840. _ - 
Or reduced to 1233 1j. 65. 9d. 14. unto ſo much will 360 15, be increaſed, it' be- 


ing forborn 16 years. 


And at 12 /j. per cent. it would be augmented unto 2206 {i. 18s. 9d, 34. _ 

But if a Queſtion ſhould be offered, which exceeds the number of years in the Ta- 
ble, the Tables may be continued to as many years as you pleaſe, by the former di- 
retions ; yet without that, the Tables themſelves as they are will doe. the work. As 
if this Queſtion ſhould be propounded : | | 

Example 3. If 327i. be pat ont at Intereſt upon Intereſt, at 6 per cent. for 50 years z 
unto what Summ will it be red at the expiration of that term ? 

Look in the firſt Columa of the Table (of 6 per cexr.) for half the number of years, 
viz. 25. againſt which you ſhall find this number 4.29187, which number being multi- 
plied in it ſelf, (by the inbreviate Decimal Multiplication,)the ProduCt will be 18.42e02 3 
which is the number belonging to the 5orb year : And the reaſon of this lieth here: 

If 11i. being put out for 25 years, do increaſe to 4-29187 li. whas ſhall 4.29187 li. win- 

creaſe to, in 25, years more ? The anſwer will be 18.42002. 

According, to the Rule given in, Multiplication of Decimals, 4.29817 being multi- 
tiplyed by 4.29187, ten figures muſt have been cut off from the Product ; but by the 
Compendium in Multiplication of Decimals, you cut off only five parts, which are as 
many as are vilite : And ſo you ſee that 1 5. being forborn 50 years (at 6 per cene;) 
will be vatatbe + to 18.42002 {5, Then by the Rule of Three, ſay; 

If 1 h. give 18.42002 (5. what will 3276. Facie 6023-34654. 
So that 327 (i. being forborn for 50 years,will amount unto 602g (3, 6, 11 d. 1 9. fert, 
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TABLE IL 


the Decreaſe of One Pound (or 205.) yearly: Or, (which 
ſame,) what One Pound due at the end of any number 
of Tears, (not exceeding 3o, ) is worth in preſent Money, re-| 
ating. Intereſt upon Intereſt, at any of the Rates here under 
expreſſed: Viz. At 


AM 


i in-} wm |w |-c-} *- | xn 
Per Cent. | Per Cent. | Per Cent. | Fer Cent. Per Cent. | Per Cent. | Per Cent. | 
x| -952381 | .943636 | -934579 | -925925 | -917431 | 909090 892857 
2| -907039 | 889996 .873838 | .857338 | .841680 | .836446 | .797193 
3] -863837 | .$39619 | .816297 | .793832 ' 952183 | .551314 | .711780 
4| -822712 | .792093 | .763895 | .735029 | ,S>o8425 683013 | .635518 
5|-783526 | 747258 | 732986 | 680583 þ 649931 | .625921 | 567426 | 
6| .746215 | .704960 | -666342 | .630169 | 596267 | .564474 .F06631 | 
g 7] -710681 | .665057 | -622749 '| «583499 | «547034 | -f13158 | -452349 | 
SZ 8| .676839 | .627412 | «582009 | .540268 | .501866 | .466507 | -403883 þ 
3 9| -644608 | -591898 | «543933 | -F00248 | -460427 | .424097 | -360610 
To .613913 +F58291 | -508349 463193 | «422410 | .385543 | -321973 | 
Ix| .584679 | .526787 | 475092 | 428882 | .387532 | .350494 | 287476 
\ >T2] .556537 | 496989 | -444912 | <397113 | -355534 | -318630 | -256675 
S13] -F30321 468839 | 414964 | .367697 | .326178 | .289664 | -229174 
= 14| .505067 | .442300 | -387817 | .340461 | .299246 | .263331 | -204619 
gig 481017 | 417265 | -362446 | .315241 «274538 | -239392 | -182696 
|S 16] -458111 | '-393646 | +338734 | -291890 | .251869 | .217629 | -163121 
£17] -436296 | -371364 | +316574 | .270269 | -231073 | -197844 | -145644 
- 18] .qI5F20 | -350343 | «295864 | .250249 | ,211993 | .179858 | .130039 
8 19] -395733 | -339512. | -276508 | .231712 | -194489 | .163508 | .116196 
> 20 -376889 | -311804 258419 | .214548 | -178430 | .148643 | .103666 
© 21|--358942 | .294155 | -241513 | .198655 | .163698 | .135130 | .092559 
B22] 4341849 | .2775o05 | -225713 | .183940 | .Ifo181 | .122846 | .082642 
ES 23] .325571 | -261797 | -210947 | .170315 | .137781 | .111678 | .073787 
1'Z 24] .310067 | .246978 | -197146 | .157699 | .126405 | .IToif2y | .o5fg882 
25| -295302 | -232998 2184249 .146818 | .115967 | .092296 | .of8823 
26| .281240 | .219810 | .I72195 | .135201 | .106392 | .o83905 | .og2520 
27] -263848 | .207367 | .160930 | .125186 | .097607 | .076277 | 046893 
28| .255039 | -193630 | -I59402 | .I15913 | .o89548 | .069343 | .041869 
29] .242946 «I84556 | .I14o0562 | .107327 | .o82154 | .063039 | .037383 | 
[+ 403:231377 [3574770 131367 | .099377 | 075371 | .o57308 | -033377 : 


-- 
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g Il. The Fabrick or Conſtruftion of TABLE I. 


The Proportion for the making of this Table is this ; (inſtancing in the Table of 

5 per Cent-) . = , Rn. 

' As 1c01i, with its increaſe in a year, 1s to 100 /z. 

So is 1 /i. to the decreaſe.of 1 {;. in a year. 

Thus, As 105 {s. is to 10045. fois 1h | "> EG 
Here the third number in the Golden Rule being an Unite, there needs no Multipli- 
on, and therefore the middle Number maſt be divided by the firſt, ( adding Cys+ 
phers to the middle Number, ) and the Quotient will be the decreaſe of 1 5. in a 


car. 
: Diwſor. Dividend. Qrorzent. 


As 105) 100.00000 (0.95238 
Which Quotient 0.95238, is the firſt Number in the Table, the ſecond will be thus 


produced, EE % : | | 
__ As 105i. isto 10045. ſo is .95238 hi. to .90703 !t, Wk 
Which Quotient :9<703, is the ſecond Number in the Table : For the third num- 


ber thus ; : CIELES | | 
As 1051. isto 100 45, ſois.907903004. to 8638 36. 
Which Quotient .$6383 is the third number in the Table and the decreaſe of » i. 


in 3 years. : | | | 
| And the ſame courſe is to be taken in the making of the Tables for the other Rates 


of Intereſt : 


li. | li. 
C1061) ſ-94339} 
ro7] | -93458 | _ 
A : 108 } is to 1004. + .92592 { The firſt Number 
* 1 109 f ſois16.to ? .91743 >. Incach Tabtkc, 
[110| | - 90909 | 
WAESS tL-89286 j 
The Uſe of Table II. 


Theſe Tables ſhall alſo be made plain by Examples. LS: 
Example 1. If 546 li, be due and payable 11 years hence, what is that Summ worth #1 
ready Money, accounting Intereft upon Intereſt at 6 per Cent ? | 

In the firſt Colvmn of the Table,look for 11 years, againſt which, under the title af 

6 per Cent. you ſhall find 0.52678, which is the worth of 1 4. payable 1 1 years hence. 
| | * Then fay by the &ule of Three : 

If 11. payable 11 years hence, will be worth but 0.52678 li. what will 546 li.. payable 

11 years bence, be worth in preſent Money ? 
Tf 16, decreaſe to .52678 i. what 546 i. Anſwer, to 287.62188, 

Which reduced is 287 5, 125, 54. 19. and ſo much preſent money will diſcharge 
the debt, of 546 {5. due 11 years hence, at 6 per Cent. 

Example 2. At 12 li. per Cent. Compound Intereſt,what will 700 li. payavle at 21 yer; 
e::4, be worth in preſent Money ? 

The number in the Table, ſtanding againſt 21 years under 12 per Cert, is 0.09256. 
and ſo much will 145. payable 21 years hence, be worth preſently : Then by the 
Golden Rule, : 

If 1b. give but .o9256 li. what will 70015. Anſwer, 64.79200. 

Which reduced is 64 5. 15 s. 104. and fo much will ſatisfie- for the payment of 
700 i. 21 years hence. 

But if in the Queſtion propounded, the years exceed thoſe in the Table, you may 
help your ſelf as in Table l. 

Example 3. What 5s 509 li. due 40 years hence, worth in preſent Maney ? | 

The number in the Table ſtanding againſt 2o years, (which is half the time) under: 
I per Cent, 15 .214548, which multiplied in it ſelf, (according to the Compendium be- 
fore taught in Multiplication of Decimals,) will produce in the Product .0460306, 
which is the decreaſe of 1 li. in 40 years. Then ſay by the Rule of Three, 

If 1 45, decreaſe to .460306 5. what will 500 ti, Anſwer, 23.0153000. 
- Ard thus you ſee that 500 /z. payable 40 years hence, will be worth in ready Money 
(at 8 per Cem.) but 236i. 1d. 
$.-4 TABLE 
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| Shewing what One Pound (or 20 s.) Annuity, to begin preſently, 
| and to continue any number of Tears, ( under 31,) Is worth, 
| | #n preſent Money, accounting Intereſt upon Intereſt, at any of 
the Rates here under expreſſed * Viz. At 
V. wwe. |} x 
Per Cent. | Per Cent.| Per Cent.| Per Cent.| Per Cent.| Per Cent. Per Cent. 
-T| 0.95238 | 0.94339 0.93457 | 0-92592 | 9£-91743 | 0.90909 0.89285 
2| 1.85941 |: 1.83339 | 180801 | 1.78326 | 1.75911 | 1.73553 | 1-6900F5 
3| 2.72325 | 2-67301 | 2.62431 | 2.57799 | 2-53129 | 2-48685. | 2.40153 
4| 3-54595 | 3-46510 3.38721 | 3-312T2 | 3.23971 | 3-16986 | 3.03734 
5| 4-32947 | 4-21236 | 4-Loo19 | 3-99270 | 3.588965 | 2.29078 | 3.62477 
6| 5.07569 | 4H1732 4-76653 4.62287 | 4.48591 | 4-35526 | 4-11140 
7| 5-78637 | 5-58238 | 538928 | 5.20636 | 5.03295 | 4-86841 | 4.56375 
8| 6.46321 | 6.20979. | 5.97129 | 5-74635 | 5.53481 | 533492 | 496763 
= 9| 7.10782 | 6.80169 | 6.51523 | 6-24688 | 5.99524 | F-75901 | F-32824 
= 10| 7.72173 7.36008 | 7.92358 | 6.71008 | 6.41765 6.14456 F-65022. 
S11| 8.30641 | 7.88687 | 7.49867 | 7.13896 | 6.80519 | 6.49506 | 5.93769 
<I2 8.86325 | 8.38384 | 7.94268 | 7.53607 | 7-16072 | 6.81369 | 6.19437 
S13| 9-39357 | 8.85268 | 8.35765 | 7-90377 | 7-48690 | 7.10335 | 6.42354 
£® 14| 9.89864 | 9.29498 | 8.74546 | 8-24423 | 7.78614 | 7.36668 | 6.62816 
| £15 |T0.37865 | 9.71224 | 9.10791 | 8.55947 | 8.06068 | 7.60608 | 6.81086 
16 10.83776 |Io.log89 | 9.44664. | '8.55136 8.31255 | 7-82371 | 6.97398 
w 17] 11.27406 |10.47725 | 9.76322 | 9.12163 | 8.54363 | 8.02If55 | 7.11962 
2 18|11.68958 |10.82760 |10.05908 | 9.37188 | 8.75562 | 8.20141 | 7.24966 
| 8419|12.08531 |11.15811 [10.33559 | 9.60359 | 8-9yorl | 8.36492 | 7.36577 
£ 20]12.46220 [17.46992 [1.59401 | 9.81814 | 9-12854 | 8.51356 | 7.46944 
Z21 12.82I115 [11.76497 |10.83552 [10.0165 | 9.29224 8.64869 | 7.56200 
22|\13.16300 |12.04158 [11.06124 |10.20074 | 9.44242 | 8.77154 | 7-64464 
23113-48857 [12.30337 [11-27218 |10.37105 | 9.58028 | 8.88322 | 7.71843 | - 
24|13.79864 |12.55035 [11.46933 |10-52873 | 9.70661 | 8.98474 | 7-78431 | 
25114-09394 | 12.78335 [11.65358 [10.57477 | 9.92257 | 9.07704 | 7-84313 
26114.37518 |13.00316 [11.82577 |19.80997 | 9.92897 | 9.16094 | 7.89505 
27114.643a3 | 13.2I053 |11.98671 [10.93516 [10.02657 | 9.23722 | 7-94255 
28[14.89812 | 13.40616 [12.13711 [I1.05107 [I0.11612 | 9.30656 | 7.98442 
 25]15.14071 | 13.59071 |12.27767 |11.15840 [10.19828 | 9.36960 | 8.02180 
[32115-39244 13.76482 |12.49904 }11.25778 10-27 365 9.43691 | 8.o5518 
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S III. The Fabrick cor Conſtrudtion of TABLE II. 


This Table is deduced from Table Il. foregoing, the firſt number (in the Column 


of 5 per Cent.) being 0.95238, and this number alſo muſt be the firſt in this Table. 
Then for the ſecond number, 
Add the ſecond number in the former Table, 0.90703, to the firſt number thereof, 
0.95238, and their Summ 1.85941 is the ſecond number in th's Table. 


Firſt Number of Table Il. — _ — — 0.95238 
Second Number of Table II. — —0.90703 
Second Number of this Table. _ - 1.85941 


Then for the third Number, 


To the ſecond Number of this Table add the third Number of the laſt Table, 
and that Summ ſhall be the third Number of this Table 


Second Number of Table Ill. — —— ——=!zo941 
Third Number of Table II. — — 0.86383 
Third Number of this Table — —— 2.72324 


To this Summ 2.72324 add the fourth Number of the laſt Table 0.82271, and 
their Summ 3.54595 ſhall be the fourth Number of this Table. 

And thus mult you doe for the reſt of the Numbers of this Table of 5 per Cenr. 
And the ſame Rule is to be obſerved in all the other Rates in this Table HI, | 

The Uſe of Table III. 

The Uſe of this (as of thoſe beforegoing) will beſt appear by Examples. - 

Example 1. What is 45 li. per Annum for 24 years worth in preſent Money, at 6 li. 

r Cent. Compound Intereſt. 

Find 24 years in, the firſt Column of the Fable towards the left hand, and right 

inſt i: (in the Column of 6 per Cenr.) you ſhall find 12.55035, which is the value 
oft li. per Annum for 24 years; therefore 45 b. per Anmum mult be worth 45 times 
the ſame Summ, 

Which 1s 564 {s. 155. 3d. 39. for the worth of 45 5. per Anmnum for 24 years. 

Example 2. What ts 320 li. per Annum for 21 years, (at 10414. per Cent.) worth in 
preſent Money ? | | 

Look for 21 years in the firſt Column of the Table, and right againſt it (in the Co- 
lumn under 10 per Centr.) you ſhall find this number, 8.64869 ; which is the value, 6f 
worth of 1 {j. for 21 years: Therefore 320 [i, per Anmum muſt be worth 9320 times {o 
much; that is, 2767.580, Cc. | | | | 

Which reduced, is 2767 {5. 11 s. 74. 29. and ſo much is an Annuity of 320 5. 
per Amum, to continue 21 years, worth in preſent Money, accounting 10 /4, per 
Cent. Compound Intereſt. | 

Example 3. What is a Leaſe of Houſe or Land for 21 years, 100 li. being paid as 
a Fine, and an Annual Rent of 301i. What Fine more muſt the Tenent give to bring donn 
his Rent, from 301i. to 10 IN. a year, allowing 6 per Cent. Compound Intereſt, 

The difference between 30/3. and 1045. is 201. 

Look therefore for 21 years in the firſt Column of the Table, and againſt ir (un- 
Ger 6 per Cert. you ſhall have this number, 11.76407, which is the worth of i /;. for 
21 years tO come ; multiply this Number by 20, and the Product ſhall give the pre- 
ſent worth. : : 

This Product being reduce), is 235 /i. 5s. 74. 24. and ſuch Fine myſt he pay to 
bring the Rent down from 30 /i. to 10 65, per Annum, 

Example 4. A Landlord demands a Fine, or preſent Summ of Money, fir a Leaſe of 
127 li. per Annum, 70 continue 7 years ? What is the Summ, allowing 6 per Cent. Com- 
pound Intereſt ? | 

Find 7 Jeurs in the firſt Column of this Table, and againſt ir {under 6 per Cenr.) 
you ſhall find the Number 5.58228, which multiply by the Annual Rent 127 45. the 
Produtt is the Anſwer to the Queſtion demanded. 

bom Product 708.962 being reduced, gives 7098 /;. 19s. 24. 3 9. and ſuch Fine 
muſt he pay. 

Example 5. Whar is the preſent worth of $0 li. Rent or Amity, to continue 25 years,rt* 
bateing at 6 per Cent. per Annum Componnd Intereſt ? | 


Look 
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Look in the Table for 25 years, againſt which (and under 6 per Cezr.) you haye 
this Number 12.78335; which being multiplied by 504. (the Annuity or Rent pro- 


- pounded,) the Product will be 1022.668co ; which reduced 1s 102245. 13s. 4d. l g. 


And to ſo much will 80 /. per Annm yearly payments, be rebated for 25 years. 
Example 6. One bath 4 Leaſe worth 15 li. per Annum. ore than the Rent, and hath 
a Leaſe of it yet 4 years mm being ;, the Tenent deſires to rake another in Reverſion for 21 
years at the ſame Rent ; What muſt he pay for a Fine, Intereſt allowed at 6 per Cent. Com. 
pound Intereſt ? ; | ] 
The Decimal ſtanding _ 4 years (under 6 per Cent.) is 3.46510, which mul. 
tiplied by 15 {. the Product is 51.97950, which reduced is 51/;. 195. 64d, 24. and 


ſo much the Leaſe of 4 years yet in being, is worth. 


+ Now add the 4 years in being, to the 21 years, the tetm in Reverſion, the Summ is 
25 years: Wherefore look in the Table for 25 years, and againſt it (under 6 per 
Cezr.) you ſhall fing 12.78335, which multiplied by 15 45. the Product will be 
191.75025; Which reduced, is 191 {i. 15 s. the difference between this and the value of 
the 4 years in being, viz. 51 55. 19s. 64. 29. Is 1394, 155. 54, 29. and ſuch Fine 
muſt he pay for a Leaſe of 21 years, to commence Mter. the expiration of the 4 years 
in being. ; 

Exalnple 7. A Tenent hath a Leaſe of 21 years, the preſent Rent of it js 411i. per An- 
num for 7 years, and after tha: 7 years, he 1s to pay 5011. per Annum for the other 1, 
years ; what 1s the value of this Leaſe in preſent Money, Intereſt being diſcounted at 6 per 
Cent ? | | 

Look in the Table for 21 years, againſt which (under 6 per Cexr.) you ſhall find 


- this Number, 1 1.76407, which multiply by 50 /z. (the annual Rent of 21 years,) the 


Produtt will be 588:20350, which reduced is 588 4. 45. ©4. 149. and this is the truc 
value of the whole 2.1 years ; but foraſmuch as the firſt 7 years pays but 41 5. per An- 
num; the difference is 9. then look again in the Table for 7 years, againſt which you 
bave 5.58238, which multiplied by 9. (the difference of Rent,) ghe Product will be 
50.24142, which reduced is 5044. 4/5. 10d. this Summ ſubtracted from the former, 
leaves 537 64. 19 5. 2d, 19. the true value of the Leaſe required. | 

Example 8. There is a Leaſe to be taken for 21 years, at 301i. per Annum, and. 1001j. 
Fine the Leſſee deſires the Rent to be brought down to 101i. per Annum, and 15 willins ro give 
a Fine, proportionable ro the Rent abated ;, what muſt that Fine be ? -P m | 

The annual Rent abated is 20/5. for 21 years, look in the Table for 21 years, a- 
gainſt it is 11.76407; this multiplyed by 20/5. (the Rent abated) the Product is 
235-28149; which reduced, is 235 4. 55. 74. 24. the value of 201j. per Amun for. 
21 years, ts which add the former Fine, 100 {;. the Summ will be 335 bs. 5x. 74. 29. 
the true Summ to be paid for the Fine. | 
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no TABLE IV. 


Shewing what One Pound (or 20s.) Anmity, t0 begin pteſently, 
and to continue any number of Tears, ( under 31,) is worth, 
to be paid for gll together at the end of the Term of Tears for 
which it was to continue, at any of the Rates of Compoutd In- 
tereſt here under expreſſed: Viz. At | 


£ aff i = I 1 = "Y 2 1 pt 0 as. * 


wa 


-vy, -| ww | ww ex XII 
Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. 


| Ae_ ——— —  — 


—i1. 1.00000 1.90000] 1.00000] I.00000[| 1.09000| | #. 000@3þ, .4-9@000 
2] 2.05000] 2.06000] 2.0700c| 2.08000] 2.09000 2.10000} 2.12000, 
31 3-I5250|  3-18360] 3-21490| 324640 3-27810\ 3.31000] ., 337440 
4| 4-31012| 4437461] 4-43994| 4-5o06Its| 4-57312} 4-64l00f 4-77932 
| 5-525631 . $-62709| _ $:75973| __5-86660|__ 5-08471} 6-Iog10|, 6.35284 
> 6| 6.80191] 6.97531] 715329] 7-33592] 7-52333] 7.78561] 8-11gx8} 
'3 7| 8.14200 8.39383] 8.65402] 8.92280] 9.20043] 9.48717] Io.o8901 
2 8}. 9.64910] 9-89746| I0.25980| 10:63662] 11-0284711.43588| t2-29969| 
© 9] 11.02656| 11.49131} 11:97798|] 12:48755 | 13.02103| 13.57947| 14-77565 
S 10| 12.57789 3.18079 I 3.81644 14-48656 If.19292] 15.93742 17-5487 | 
'S rr} 14.20678| 14.97164| 15.78359| 16.64548| 17.56029] 18.53116f} 20;65458 


8 r2] 15.91912| 16:86994| 17.88845| 17.97912 | 20.14091} 21.38428} 24.13314 
513] 17.71298| 18,88213] 20.14064| 21.45529f 22:95 338] 2452271] 28.02gtof 
| 19.59864f 2r.01506| 22.55048] 24.2T492 | 26.01918] 27.97198] 74:39260 
15-21.57856| 23:27596| 25:12902] 27:1527 1], 29:36091] 41:77248 | 22:27571þ 
= 16] 2365749] 25-67252| 27-88805 | 30.32428} 13:99339| 3594972 | 42-75328 
S 17] 25.84036| 28.21287] 30.840Zz1 . 33-75922| 36,97370 40:54470|þ 48.88367] 
4 18] 28.13238| 3590565 | 33-99903| 37450244. 41:39133] 45-$9917] 5574971] 
He 33-75999| 37-37896| 41-44626 46.01845| ſ1-159094 63-43968| 
$20 Z3-26595|_36-78559 432:99549!_4F-761961_F1-I16014| $7-27495 _72-95244 
[wy 31} 35-7 t9zy 39-99272 44.86517j 50:412y2} $6.76453 | 6.4.00249 $1.69873| 
222 38.50521] 43.39228] 49.00573| 55-45675þ 62-87334| 71-40274 92-50258| 
333} 41-43047| 46.99582] 53-43614\ 6c.89329} 69.53194|] 79-54302 [104.60289 
 E24| 44-50199| fo8rtf57] 5817667; 66.76475} 76-7698 x | 88.49732 [118.19524} 
Z 25| 4-.72709! 54.864511 63.24903: 73.Io5gg | 8470089] 98.34705 1233-33387 
26] 1.11245] 59-15638| 68.67646; 79.95 441] 93-32397]109-18176[150.33393| 
| 29] $4.669x2] 63.70576| 74.48382! 85.35076 to00.72313 121.09994[169. 37400 
a8] 8.40258] 68.52810 80.69769! 95.33882[112.96821fj134.20993 190.69888| 
29] 62.32271| 73-63979|, 87.34552 103.96593[124-13535 148.63092]214.58275 
; 66.42884\ 9.05818] 94.46078 112.28221 r26.39753 1164-49492 241.33268 
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$ IV. The Fabrick of Conftruition of T ABLE IV. 


This Table is to be gathered out of Table I. which ws the increaſe of one 
(or 205.) yearly, reckoning Intereſt upon Intereſt at the ſeveral Rares in that Table 


One pound Annuity, to be paid for at the end of . one year Is +——— 100000 

And That is the fc Namber in this Table, to which.if youadd the firſt Number in 
Table L which is 1.05@00, the Summ will be 2.05060; and this is the ſecond Num- 
ber in this Table. = TE OETSED + - 

To this add 1.10250, (the ſecond Number in Table T.) and the Summ is 3.15250; 
and that is the third Number ia this Table. 

To this add 1.15562, (the third Number in Table I.) and the Summ is 4.31012; 
and that is the fourth Number in this Table. | "; OW | 

So that the firſt Number of Table I. added to the firſt Number in this Table , ma- 
keth the ſecond Number of this Table. | : 

The ſecond number of Table I. added to the ſecond Number of this Table, makerh 
the third Number of this Table. 

Alſo the third Number of Table I. added to the third Number of this Table, maketh 

_ the fourth Number of this Table, &c. | 

And as this Column of 5 pu Cent. » made, ſo muſt all the other Columns be pro- 

duced, according to their reſpective Rates. | | 
Pe Uſe of TablelVv. 

Example 1. What will an Amity of 251i. per Annum, payable yearly, be augmented 
wo in 9 years; the purchaſe Money being all that time forborn at 6 yer Cent. Compound 
Inereſt? / : 

Look in the Table for 9 years-in the firſt Column, and againſt ir (under 6 per Cer.) 
you ſhall find 11,49131, which ſhews what one Pound Annuity will amount unto in 
that time. Wherefore by the Golden Rule ſay, _ | 

As 113, ls to 11.49131, in 9 years, So is 251i To, 287.2828 in 9 years. 

Which is 287 li. 5s. 8d. fere; and ſo much will an Annuity of 25 li. per Ann 
be augmented unto in 9 years, the Purchaſe Money being forborn all the time. 

Example 2. A Gentleman put his Son out Apprentice for 7 years,and at the ſame time let- 
teth an Annuity of 571i. per Annum. for 57 years, forbearing the Money 4ll the time, to 
raiſe a ſtock for his Son, againſt bis Apprenticeſhip be expired: Unto what will this 571i.” per 
Annum be augmented at the 7 years end, at 8 per Cent. Compor:d Intereſt? ; 

' Look in the firſt Column of the Table for 7 years, and right againſt it, you ſhall 
find (in the Column under 8 per Cert.) 8.92280 which is the Amount of 1 /;. forbora 
. 7 years. Thus by the Golden Rule ſay, | 
As 1 li. is to 8.9228, Sois 571i. to 508.5996, Which is 5o81i. 128. fere ; and 
fo much will the Annuity be augmented unto in 7 years for the Son's ſtock. 

Example 3. If an Amity of 601k per Annum. be forborn 55 years, How much will it 
amount unto, when that time expires ? | 

Look for 7 years in the firſt Column, and againſt it (in the Columa under 6 per 
Cene.) you ſhall find 8.39384, which multiplied by 6045. The Produdt is 503:63040, 
and anſwers the Queſtion. 

Which reduced, is 503 4, 125. 74. 14. the value of the 604, Annnity forborn 
7 years. | 

Example 4. A did owe unto B 186 li. and upon Covenant to pay unto the ſaid B a Rent 
of 2011. 13s. 4d. per Annum, wntif the Debt ſhould be diſcharged: But after this con- 
erat, they mutually agree to reſpite the payment wnrill the laſt were due, with this proviſd, 
20 pay is all in then ;, allowing Intereſt pon Intereſt, the forbearance at 6 per Cent. 
| . 2-59 8 Of TY by the Rule of Three, 

As 20.666, the Decimal of 2045. 135. 4d. Is to 1 year; So is 1861;. T, . 
Which Rent is to be reſpited during the aforeſaid oooh] + apo 
Now if you look in the Table againſt 9 years, and under 6 per Cent, you ſhaſll 

ind 11.49131, which being multiplyed by 29.666, the Decimal of 20 1. 135. 4d, 

the Product will be 237.478, which anſwers the Queſtion. 

Which Product being reduced is 237 /i. 95. 6d. 39. and for ſo much muſt A. be 
reſponlible to B. at 9 years end. 


Example 
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Example 5. A was to pay unto B at the end of 5 years 2001. for the ſatisfaio 
which Debr A was content to make B 4 Leaſe of 35 li. a year for the ſame time. oa A 


theſe two gained by this contratt, Intereſt being allowed at 6 per Cent. 
Look in the Table for 5 years, againſt which (under 6 per Cerr.) ſtands this Number 


5.63709. This multiplyed by 35 (the Annual Rent) produceth 197:298t5, which be- 
ing reduced, is 197 /i. 5 s. 11d. 34. which being ſubtracted from 200 5, the re- 


mainder will be 2 5. 14s. od. 1 4q. | 
And ſo much did A gain by the contract made with B. 


— 


Cunecus MaTHEMATICUS. 
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TABLE YV. 
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Shewing what Annuity to continue any number of Tears, (under 31,) 
One Pound (or 20s.) will purchaſe: Or, (which is the ſame 
in efſef, ) what yearly Payment is equal to a Summ of Money 
due at preſent, at any of the Rates of Compound Intereſt here 
under expreſſed: Viz. At 


a 


1's ew. | vw | we. | © x | xn 
Per Cent. | Per Cent. | Per Cent. | Per Cent.| Per Cent.| Per Cent. | Per Cent. 
I I.05000 1.06000 | 1.07000 | 1.08000 } 1.09000 | I.Ioo00 I-12000 
2| 0.53780 | 0.54543 | 0.55309 | 0.56076 | 0.56846 | 0.57619 | 0.59169 
3| 0.36721 | 0.37411 | 0.38105 | 0.38803 1. 0.39505 | 0.40211 | 0.41635 
4 c.28209 | 9.28859 | 0.29fI9 | 0.30192 0.30866 0.31547 0.32923 
5| 923097 | 0.23739 0.24389 0.25045 | 0.25709. 0.36379 0.27741 
'6| 0.19701 | 0.20336 | 0.20979 | 0.21631 | 0.22291 | ©,22960 | 0.24322 
7| 0.17281 | 0.17913 | o.I85F5F | 0.19207 | 0,19869. | 0.20545 | 0.21911 
8] 0.15472 | 0.16103 | 0.16476 | 0.17401 | 0.18067 | c.18744 | 0.20130 
9 0.14069 | 0.14702 | 0.15348 | 0.16007 | 0.16679 | c.17364 | 0.18768 
= 10] 0.12950 | 0.13586 0.14237 | 0.14902 | 0.15582 0.16274. 0.17698. 
S11] 0.12038 | 0.12679 | 0.13335 | 0.14007 | 0.14694 | 0.15396 | 0.16841 
<12| 0.11222 | 0.11927 | o:12590 | 0.13269 | 0.13965 | 0.14676 | 0.16143 
= 13] 0.10465 | 0.11296 | 0.11965 | 0.12652 | 0.13356 | 0.14077 | o.15567 
= I4| 0.TO0IC02Z 0.10758 | 0.11434 | 0.12129 | 0.12843 | 0-13574 | 0.15087 
15] 0.09634 | 0-10296 | 0.10979 |. 0.11682 | 0.12405 | 0.13147 | 0.14682 
16 0.09226 | 0.09895 | 0.10585 | 0.11298 | 0.12029 | 0.12781 | 0.14339 
> 17] 0.08869 | 0.09444 | 0.10242 | 0.10962 | 0.11704 | 0.12466 | 0.14045 
© 18] 0.08554 | 0.09235 | 0.09941 | 0.10670 | 0.11421 | 0.12192 | 0.13793 
19] 0.08274 | 0.08962 | 0.09675 | c.10412 | 0.11173 | o-I1954 | 0.13576 | 
E 20 0.08024 | 0.08718 | 0.09439 | 0.10184 | 0.10954 | 0.11745 | 0.13388 
Z 21] 0.07799 | 0.08500 ' 0.09228 0.09983 | 0.10761 0.11562 0.13224 
22] 0.07597 | 0.98304 | 0.09040 | 0.09803 | o.1oggo | 0.11400 | 0.13081 
23] 0.07413 | 0.098127 | 0.08871 | 0.09642 | 0.10438 | o.11257 | 0.12995 
24| 0.07247 | 0.07967 | 0.08718 | 0.09497 | 0.10302 | 0.11126 | 0.12846 
25! 0.07097 | 0.07822 | 0.08581 | 0.09367 | 0.10180 | 0.11016 | 0.12750 
26] 0.06956 | 0.07690 | 0.08456 | 0.09250 | 0.10071 | 0.10915 | 0.12665 
; 27] 0.06829 | 0.07569 | 0.08342 | 0.09144 | 0.09973 | 0.10825 | 0.12509 
28] 0.06712 | 0.07459 | 0.08239 | 0.09048 | 0.09885 | 0.10745 012524 
29] 0.06604 | 0.07357 | 0.08144 | 0.08961 | 0.09805 | 0.10672 | 0.12454 | 
30] £:26506 1 0.07264 | 0.08058 | 0.08882 | 0.09733 | 0.10607 | 0.11414 
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 FV. The Fabrick or Conſtrullin of TABLE V. 
This Table is deduced from Table 111. and the Numbers in this Table are from 


thence thus iound : 
To 1 /;. add a competent numher of Cyphers, ſo many as that you may have ſix fi- 


gures in your Quotient : T his 1/7. with Cyphers muſt always be your Djvidend, and 
che numbers in Table 11, always your Dj viſor. | 
| Firſt poem | 
So if you divide | Second | x Table 111 Second 
14;. with Cy-S Third > '2 Third >Number in this Table V. 
.. phers, by the | Fourth | the Quorient will be the Fourth | p 
; LFifth | t Fifth þ 
: Example, nz the Column of 5 per Cent. | 
To 1 1/5. add ten or more Cyphers, and ſet that down as a Dividend; then take the 
firſt Number of TableIll. (under 5 per Cepr. ) which is .95238, and ſet that down 
25 a Diviſor, end by it divide 1.0000000000, the Quotient will be 1.05000; which is 
the Grſt Number in this Table under 5 per Cert. 


Diviſor. Dividend. Quotient. 
.95238)1.0000000000(1.05000 


For the Second Number, 
Divide 1 /;. with Cyphers by 1.35941, the Second Number in Table III. the Qno- 
tient .53780 will be the Second Number in this Table. 


Dijuiſor. Dividend. Quotient. 
1385941)100000@0000(.53780 
So likewiſe for the Third Number. 
One Pound with Cyphers divided by .27232,will give in the Quotient ,36721 fere,for 
the Third Number in this Table. | 
Diviſor. Dividend. Quotient. 
-272325)10000000000(.36721 


And ſo for the reſt of this and the other Rates. 
The Uſe of Table V. 


The beſt Precedent for the Uſe of this Table (as of all the reſt) will be by 
Examples. | | 

Cake 1. What Annuity to continue 25 years, will 450 li. purchaſe, that I may have 
$1i. per Cent. Compound Intereſt, for my Money ? 

Look in the firſt Column of this Table for 25 years, againſt which (and under 8 
per Cent.) you ſhall find this Number .09365, which is the Annuity which 1 4. will 
purchaſe for 25 years. Then ſay by the Rule of Three, 

If 145. will purchaſe 0.09368. what 450? Anſwer 42.15600, or 4244. 35. 1 d. 

Example 2. One hath 325 li. lying by him, with which he would purchaſe an Annuity for 
9 years, and would have 10 li. per Cent. for his Money; What Anniity for that time will 
thar Summ purchaſe ? 

Againſt 9 years (under 10 per Ceyr.) there ſtands this Number 0.17364, the Annuity 
that 1 {;. will purchaſe for that tame : Then, 

If 1 4. purchaſe 0.17364, what 235? Anſwer 56.43309, or 561i. 8s. 8d. fere. 
And ſuch Annuity will 325 {5. purchaſe for 9 years, at 1045. per Cent. 

Example 3. One oweth 365 li. which he cannot preſently pay, but agrees to pay the ſame 
ſumm with Compound Intereſt at 6 per Cent. in 9 years time, by equal yearly payments ; 
How much Money muſt he pay yearly ? 

Look in the Table for 9 years 1n the firſt Column, and againſt it (under 6 per Cezr.) 
you [hall find 0.14702. Then ſay by the Rule of Proportion, 

; As thi. is to 0.14702, fo 1s 365 to 53.72800. 

Which reduced is 53 15. 14s. 64. 39. and ſo much mult he pay annually to dif- 

charge his Debt of 365 /i. in 9 years time. | 
- Example 4. Whar annual Payment will diſcharge 450 li. due 5 years hence, accounting 


Intereſt upon Intereſt, at 6 per Cent. 
4 L'4 | 1. Seck 
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1. Scek by Table 11; what 450 (5. due at the end of 5 years 1s worth in ready money ; 
and you will find it to be -74726 (5. Then ſay by the Golden Rule, 

As 114. is to .74726, ſo is 450 to 336.26700 77. ready Money. 

2. Look for 5 years in the firſt Column of this Table, and againſt it ( under 6 per 
Cent.) you ſhall find this Number 0.23739, and ſuch an Annuity will 1 /z. purchaſe for 
5 years : Then ſay again by the Rule of Three, | 

As 11. to 0.23739, ſo 336.267 to 79.32642313J. 
Which reduced, is 794i. 165.64. 29. and ſuch annual Payment will diſcharge the 


Debt of 450 /:. in 5 years. : | | 
Eclaple gs. 1 #; yearly Payment will ſatisfie 340 li. due at 7 years end, reckoning In- 


on Intereſt at 8 per Cent ? : 
m Find out Gy Table II. what 340 /i. due 7 years hence is worth in preſent Money, 


all find it to be 1 98. 3866. 
_——_— in this Table under 8 per Cent. what one Pound will purchaſe for 7 years, 
which you will find to be ,19207 : Then ay by the Rule of Three, 
As 11. to0.19207, ſo 198.3866 to 38.104114262. | 

Which is 3845. 6s. 14. and ſuch annual Payment will diſcharge a Debt of 340 /. 
due at 7 years end, ; : : 

And the Anſwer to this Queſtion may be proved by Table II. for if you look into 
that Table, (under $ per Cerr.) againſt the ſeventh year, you ſhall find the value of 
one Pound Annuity at the end of 7 years to be 8.9228; which known, then ſay by the 
Rule of Three, | | 

As 14. to 8.9228, ſo 38.104 to 339.994 Or 339 hi. 19. 10d. 39. 

Which ſhould have been 340 /5. the difference ariſing only in the Unites place of 
the Fradtion .104, which makes the Summ too little by x 3d. whereas if it had been 
.105 it would have been 3 q. too much. : 

Example 6. What Annuity, Rent, or Penfion, will 250li. preſent Money purchaſe, for a 
Leaſe of 7 years, Intereſt allowed at 6 per Cent. per Annum ? 

Look for the ſeventh year in the Table, and right againſt it (under 6 per Cerr.) you 
ſhall find this Number .19913, which multiplied by 250 7:. the Produft will be 
44.78250; which reduced, is 44/5. i5 5. 7 d. 39. and ſuch an Annuity for 7 years will 
250 {j. purchaſe. 

Example 7. One purchaſed a Leaſe for 25 years at 10 Ii. per Annum, and paid a Fine 
of 15oli. How much was the annual Rent of this Leaſe valued at, Moncy being at 6 per 
Cent ? 

Look in the Table for 25 years, againſt which ( under 6 per Cenr.) ſtands .07822, 
which multiplied by 150 {. the Product will be 11.53300; which reduced, is 11 /s. 145. 
8 4. and ſuch an Annuity will 150 4. purchaſe for 25 years. 

Example 8. There is a Leaſe of 25 years to come, ſect ar 10 i. Rent per Annum, and 
150 li. Five demanded; the Tenent is willing to give 100 li. Fine, and an advance of Rent 
during the time for the 50 li. abated of the Fine;, What muſt be the annual Rent, at 6 i. 
per Cent ? 

There is no eſſential difference betwixt this and the laſt Example; for the Fine being 
diminiſhed, the annual Rent mult be increaſed ; therefore take the difference between 
150 {;. (the Fine demanded, ) and 10015. (the Fine offered,.) which is 50 i. then the 
Decimal againſt 25 years .07822, being multiplied by 50, the Product will be 3.91106; 
which being reduced, is 3 /:. 185. 24. 34. and ſuch muſt be the advance of Rent for 


the 5045. abated in Fine; which added to the fixed Rent 10/43. is 13 6. 18 5, 2, 39. 


and ſuch mult. be the annual Rent. 

Example 9. A Perſon giving over Trade, commits the ſame, with his Goods in the Shop, 
and Leaſe of his Houſe for his term, all being valued (or appraiſed) at 1658 li. and this 
Money the Perſon groing over is willing to take of him ro whom he reſigned in 7 years, by 
equal annual Payments, at 6 per Cent, per Annum ; What annual Kent will diſcharge the 
Debr of 168 li. 

This annual Rent will be eaſily diſcovered by this fifth Table; for againT the ſe- 
venth year you ſhall find this Number .17913, which multiplied by 1655, produceth 
296.9993 which may very well be called 297 i. and ſuch annual Payment mult be paid 
for 7 years, for the Leate and Wares in the Shop. 

Example 10. A Tenent took, a Leaſe of a Houſe and Land for the term of 21 years, at 
160 Ii. Fine, and 161i. Rent per Annum, at 7 years end, the Leſſee was wfovd to put it 
off ; What annual Rent or Annuity muſt he ſer the Tenent at to withdraw his former Fine, 
or reſerving the ſame Rent, propoſe another impor tional for the years r0 come, at 6 per Cent. 

| Firſt, 


th 
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Firſt, For the impoſing a proportional Rent, you muſt (by Table V.) find what 
160i. will purchaſe for 21 years : The Decimal ſtanding againſt 21 years is .085c0, 
which multiplied by 160, the Product is 13.60000 ; which reduced is 13 /i. 12 5, and 
ſuch an annual Penlion 160 4. will purchaſe for 21 years : this added to 16 15. per An- 
um, (the Rent of the Tenement,) the ſumm is 29 i. 12 5. and fo the Tenent putting 
off the Farm at that Rent for the remaining 14 years, does exactly ſave himſelf. 

But ſecondly, To diſcover what Fine mult be impoſed, the old Rent reſerved, and 
yet a proportional part for the firſt Fine. ; 

The term of years remaining are 14, whoſe Decimal in Table lII. is 9.29493, which 
being multiplied, by the Decimal of 13 /;. 12 5. before found, (viz. 13.6,) the Product 
will be 126.411 3 which reduced, is 126 /;. 8. 24. 39. and ſuch Fine muſt be paid. 


$ VI - Queſtions differing from the former, inſtanced in the particular Examples 
of the Five foregoing Tables reſpeittively, which may often offer themſelves; 


or others of the like nature. 


In the ſolution of the following Queſtions I ſhall be but brief, becauſe they are in 
effe&t (due conſideration had of the nature of the Queſtion propounded,) tbe ſame as 
thoſe before exemplified ; wherefore to inſtance in ſome few : 

Queſtion 1. What js a Leaſe of 40 li. per Annum for 28 years worth in preſent Money; 
when &5 no Kent is to be recerved for the ſame till after the firſt ſeven years, at 8 li. per 
Cent. per Annum ? 

This Queſtion is reſolvable by Table HI. where the Number ſtanding againſt the 
28th year ( under $ per Cer.) is 11.05108, the Number againſt the ſeventh year is 
5.20637, the difference of theſe two Numbers ls 5.84471 3 which multiplied by the 
Annuity 40 /i. the Produtt is 233.78840 z which reduced, is 233 i. 15. 9d. 1 4. 
and ſo much is the Leaſe worth at 8 per Cerr. 

Queſtion 2. Whar 1s 55 li. per Annum for 75 years in reverſion after 10 years, morth in 
preſent Money,. at 8 per Cent. Compound Intereſt ? 

In Table 11]. the Number againſt the tenth year 6.71008, ſubtrafted from the Num- 
er (or Decimal ) ſtanding againſt the ſeventeenth year 9.12163, the Remainder is 
2.41155; which multiplied by the Annuity 55, the Product is 132.63525 which re- 
duced, is 13215. 12s, $4. 24. and ſo much 1s 5545. per Amnum, tor ſeven years in re- 
verſion after 10 years worth. | 

Queſtion 3. What 3s 100 li. per Annum for 21 years, and 12011. per Annum for 7 
years, after the 21 years are expired, worth in preſent Money at 10 11. per Cent ? 

Look in Table IT. and againſt 21 years, under 10 per Cerr. you ſhall find this Num- 
ber 8.64869; which multiplied by 100, ( by adding two Cyphers,) the Product is 
86486900, that is 86.4 /i. 17 5. 34d. 24. and that is the value of 1co i. for 21 years. 

Then to aniwer the ſecond part of the Queſtion, namely, To find the worth of 120 li. 
per Annum, for 7 years in Rever ſion, after 2.1 years : Look in the forefaid Table lI. for 
the Number ſtanding againſt 28 years, which is 9.30656; and alſo for the Number 
ſtanding againſt the 21: years, which is 8.64869 ſubtract the latter from the former, 
the Remaiuder is .65787 ; which multiplied by 120 5. the ProduCt is 98.94440 z which 
reduced, is 7815.18 s. 10d. 34. and fo much is the 120 /z. per Anzum tor 7 years in 
|Reverſion after 21 years worth ; and the ſumm of rheſe two Products added together 
anſwers the whole Queſtion, making 943 {. 16s. 24. 1 9. 

Queſtion 4. If 200 1i, Fine be demanded for a Leaſe for 21 years, What is a Leaſe of 
the ſame Premiiſſes worth for 15, years, the Rate of Intereſt being 10 per Cent ? 

Look in 1able 1II. for 21 years, againſt which ( under 10 per Cerr.) ſtands this 
Number 8.564869, which muſt be the firſt Number in the Rule of Proportion ; alſo 
the Number in the ſame Table ſtanding againſt 15 years, viz. 7.60608, mult be the 
third Number, and 209/;. the mean (or middle) Number : then multiply and divide 
according to the Rule, and the Quotient will anſwer the Queſtion. 

As 8.64869 to 200, ſo 7.60608 to 175 8g fere. 

Which Quotient being reduced is 175 45. 18s. fere. and fo much is the Leaſe worth 
for 15 years. Y ' 

Queſtion 5. Jf a Leaſe for 7 years be worth 45 li: what ſhall a Leaſe for 21 years (>< 
the ſame Premiſſes) be worth at $ per Cent. 

Look, in the foregoing Table 1II. for the Number ſtanding againſt 21 years, and 7 
years which are 10.0168, and 5.20636 ; then ſtate your Queltion thus : 

AS $.20636 to 45 i. ſo 10,0168 to 86.5789, Or 861;. 11 5. 6d. 349. 
$ VII. Shewing 
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8s VII. Shewinz how the Five foregoing Tables may Le made ſervicealle to reſslye 


Queſtions of Leaſes, Annutties, &c. which are for lonzer time than thoſe "Ta- 

blcs are calculated for. 

1 ſhall inſtance in two or three Queſtions of that Kind wrought by the Table «f 
6 fer Cent. only. : Es : | 

Queſtion 1. What 3s a Leaſe or Awnuity of. 160 11. pr Arnum worth for 6o years, at 
6 pcr Cent. Compound Intereſt ? 

Look in the 1 able for 30 years, (which is the half of 6o years, ) and the Number 
ſtanding againit it iS 5.743491 3 Which Number multiplied by it ſelf, producerh 
32 9850, which would have been the Number in the Table for the value of 1 /;. in 
69 ycars, had the Table b:cn continued (o fer. 4 

The Numver for 60 years, — —  _—_——————_ 0 
An Unite ſubtrafted, —— — - — 1. 

Ther remanns  ——— 31.98 70 
Two Cyphers added to it, — ——— — 19; 0 
Divided by 6, (the Rate of Intereſt,) the Quotient will be ——— 5331] 

This multiplied by the Annuity 160, produceth . -—$52986720 

This Product (Cyphers being added) divided by the Number in the 2 _ _ 
Table tor the 60th ycar, the Quotient 1IL——— - . ' ol Hale badald | 

Which being reduced, is 2535 4. 165. 64. 24. and ſo mich is a Leafe or Annuity 
of 160 lt. per Aiaum wortn for 60 years. | 

Queſtion 2. What zs 75 li. per Annum worth for 50 years at 6 per Cent? 
: The Number in the T:ble Itanding 2gainſt 25 years, (which is the half of 50 years,) 
is 4-291 87, which multiplicd in it ſelf, produceth 18.42012, which is the Tabular Num- 
ber for 50 years, or the value of 1 /;. Annuity for 50 years. 


The Number for 50 years, - : 18.4201 2 
An Unite ſubtracted and two Cyphecrs added, is —— ——17.4201200 
One lixth part for the Rate of Intcrelk, is X _ — 2.903353 
Which multiplied by the Annuity 75 /:. the Produtt is —-—— 217751505 : 
This divided by the Tabular Number for 50 years, the Quotient is 1182.139 


Queſtion 3. What ts 2011. per Annum for 40 years worth, ro be paid for all together © 
at the end of the term of 40 years, ar 6 per Cent. 5 | 


The Number in the Table againit 20 years, (the half of 40,) is-— - 
Which multiplied in it felt acech the Ne r for 40 — ng a 5 4 : 2 
One Unite ſubtraCted, and two Cyphers added, inates —— 9.28542600 
One ſixth part (for the Rate) is — 1.54757100 
Which multiplied by the Annuity 20 /:. the Product will be— 5-1 - 4-44 
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4A TABLE Shewing the Increaſe of One Pound, (or 20 S billings,) 
at Six Pound per Cent. per Annum Compound Intereſt : C via 
lated to Tears, Malues and Quarters of Tears ; and to 365 
Days. 
1.2 | 7._£4 r._ | 
© ©| 1.000000 Io o| 1.790847 20 of 3.207135 
I | 1.914674 I | 1.817126 1] 3.254196 
2| 1.029563 2 | 1.843790 2 | 3.391948 
3 | 1.044670 p 1.870846. : 3| 2-350400 
i o| 1.060000 11 © | 1.898298 21 of 3.399564 
I| 1.0755F0O I | 1.926154 I | 3.449448 
2 | 1.991336 2 | 1.954418 2 | 3.5 0006F 
3| 1-T073F1 _ 3 | 1.983096 3| 3-551424 | 
2 o| 1.123600 12 © | 2.012196 22 of 3.603537 
I | 1.140087 . 1 | 2.041723 I | 3.65641F 
2] 1.156817 2 | 2.071683 2 | 3-710069 
3| 1.178792 3 2.102082 3 | 3-764509 
2: © 1.191016 13 © | 2.132928 23 ©] 3.819749 
I | 1.208493 I | 2.164226 I | 3-875800 
2 | 1.226226 2 | 2.195984 2 | 3-932673 
3| 1.244219 3 | 2.228207 3 | 4-990380 
4 0] 1-263477 I4 ©O| 2.260904 24 0©o| 4-048934 
1 | 1.281002 x | 2.294080 I | 4.108348 
2 | 1.299799 2 | 2.327743 2 | 4.168633 
__ 3] 1-318872 3 |_2-351900 3 | 4-229803 | 
5 ©o| 1.338225 If ©| 2.396558 25 0| 4-291870 
1| 1.357862 T | 2.431725 1| 4:-354849 
2 | 1.377787 2 | 2.457407 2 | 4-418751 
z |_1-3980oF 3 |_2:593614 | 3 [_4:453f97 
6 o| 1.418319 16 o| 2.540351 26 o| 4-549383 
I | 1.439334. I | 2.577628 T | 4-616139 
2| 1.460455 2 | 2.615452 2 | 4-683876 
3 1.481885 L 3 2.653831 3 | 4-752607 
7 ©o| 1.593630 I7 o| 2.692773 27 of 4-822346 
I | 1.525694. r | 2.732286 I| 4-893108 
2 | 1.548082 2 | 2.772379 | 2 | 4-964909 
3] 1.570798 3 _ 2.813061 2| 5-037763 
8s 0] 1.593848 18 o| 2.854339 [28 o| 5.111686 
I| 1.617236 T | 2.896223 | I | 5.18669y 
2 | 1-640967 2 | 2.938722 2 | F.262803 
DN 1.065046. 3 2.981844 3] F-340029 
9 o| 1.689479 19 0| 3925599 29 ©] 5.418388 
T | 1.714270 I | 3-069996 I | 5-497896 
| 2] 1739425 2 | 3-I15045 2 | 5-578571 
3] 1764949 - ___ 3 | 3-160788 3 | 5-660431 
19 o| 1.790847 20 ©o| 3-207135 | 30 of 5.743491 
SR. ada | — | Monch 
I | 1.004867 5 1.024575 9 |] 1-044470 
2 | 1.009753 6 1.029562 \ 10 | 1.04975F 
3 | 1.014673 7 1.034574 11 | 1.054865 
FL 4 I.019612 | S 1.039610 I2 1.060000 : 
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| The Increaſe of One Pound for any number of Dayes under 366. 
Da. 1 [21 ND mas Da.| A 1-7 "i 
1 1.000160 F6] 1.008980 II1| 1.017878 166| 1.026855 
2] 1.000319 7] 1.00941 112] 1.018040 167] I-027018 
z| 1.000479 58] 1.009302 113] 1.018203 168] 1.027182 
4] 1.000639 59| 1.009463 114] 1.018365 169] 1027346 
$|_1-200798 60 1.009624 | frrg} Tor952e 2+ Rubnn?s LAB 
6 Looogfs. G1] 1.009786 I16| 1.018691 I71] 1.027675 
7 1.001118 62] 1.009947 117] 1.018853 172] 1.027839 
$| 1.001278 63] 1.010108 118| 1.019016 173] 1.028003 | 
gf 1.001438 64] 1.010269 119] 1.019179 174] 1.028167 
To} 1.001598 _65] 1.010431I. 120] T.019341 | 175 I.028331 
11] 1001757 66| 1.010592 121] 1.019504 176| 1.028495 
12] 1.001917 57] 1.010753 I22| 1.019667 177] 1-928659 
12] 1.002077 68] 1.010915 123] 1.019830 178] 1.028824 
I4| 1.002237 69] 1.011076 124| 1.019992 179] 1-028988 
I5| 1.902397 | 70] 1-0I1237 I25|_1-0201IFF I8o| 1.029152 
'16| 1.002557 71] 1.011398 126] 1.020318 181] 1.029316 
17] 1.002717 72] 1.011560 | 127] 1.020481 182] 1.029481 
18] 1.002878 73] 1.011722 128] 1.020644 183] 1.029645 
19 1.003038 74| 1.011883 I29| 1.020807 184] I-029809 
- 1.003198 | | 75] 1.912045 al ng Fotwocine de 155] 1929974 
21] 1.003358 76| 1.012207 131] 1.021133 186] 1.030138 
22] 1,003518 | 77] 1.012368 132] 1-021296 187] 1.030302 
23] 1.003678 78] 1.012530 133] I-021459 188] 1.030467 
24] 1.003839 79] 1.012691 134] I-021622 189 1.030632 
25] 1.003998  80| 1.012853 135 I.021785 I90] 1.030796 
_ I.004159 81] 1.013oIF 136] 1.021948 191] 1.030961 
27] 1.004320 82] 1.013177 137] I-022112 | 192] 1.031126 
28] 1.004480 83] 1.013338 138] 1.022275 193] 1-031290 
29] 1.904640 84] 1.013500 139] 1.022438 194] 1.031455 
30] 1.004801 85] 1.013662 140] T-02260T 195] 1-031619 
31 F.004961 86] 1.013824 141] 1.022765 196] 1.031784 
32] I.005I21I 87] 1.013986 142] 1.022928 197] 1.931949 
33| 1.005282 88| 1.014147 143] T.023091 198] 1.032114 
| 34] 1-005442 89] 1.014309 144] 1.023254 199] 1-032278 
! 3s 1.005603 90] 1.014471 I145|_1-023418 200| 1-032443 
| 36] 1.005764 91] 1.014633 146] 1.023581 203] 1.032608 
37] 1.005924 92| 1.914795 147] 1.023745 202] 1.032773 
38] 1.006085 93] 1.09E4957 148] 1.023908 203] 1.032938 | 
39] 1.006245 | 94 7-21FI19 I49] 1.024072 1204! 1033103 
49]_1.006406 95]_1-215281 Igc| 1.024235 205| 1,033268 
41| 1.006567 96| 1.015443 IF1| 1.024399 | 206] 1033433 
42] 1096727 | 97] I.o1560F I52] 1.024562 207, 1.033598 
43] 1-006888 98] 1.015768 153] 1.024726 208] 1.033763 
44] 1.007049 99] I.015930 154] 1.024889 laog 1.033928 
45] 1.007209 To 1.016093. I55| 1-025053 2I0] 1.034093 
46| 1.007370 | 101] 1.016254 | x56] 1.025217 211] 1.034258 
771 1-CO7F3I IO2 I,016417 157 1.025380 212] 1.034423 
| 48] 1.007692 (103] 1,016579 58] 1.025544 213] 1.034588 | 
| 49] 1-007853 we I-016741 159| 1.025708 214] 1.034753 
; FO} 1.008014 ro} 1-116903 I6o] 1.025871 2I5) 1.034919 - 
; Fr] 1.008175 106] 1.017066 IG1] 1.026035 216] 1,035004 
| 52] 1.008336 107| 1.017228 I62| 1.026199 217] 1.035249 | 
} 53] 1-208497 I08| 1.017391 163] 1.026363 218] 1.035414 
| 54 1,008658 ahh I.OI75F3 I64| 1.026527 219] 1.035580 
_F$} 1.208815 Ic! 1.017715 IG5! T.026691 220] 1.035745 
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7; Da. | Da__ | - 
; goto: | ag 

Da. — | ———— - 21] 1-04922F | 3413. 2-05 $94 
Da. papa 261] 1.042546 bes > Kd ; 142 I.of6II5 
221 id 262| 1.042713 $02 wg. ot 343] 1.056284 
pact 5.030079 263] 1.042879 ol Ss 344} 1056452 
223] 1.036241 264] 1.043046 304 6 ef 345] 1.956621 
224 HTO 265] 1.043212 395 was. 6 9 346 1.056790 
225) I O03 REG L's 1.043379 308 noceling 347 I.ofg6958 
226] 1.036737 26>] 1.043545 305 Ws 8 | 348] I,057127 
227 1.936903 268| 1.043712 398] 1.55 4 349] 1-057296 
228] m6 x 269] 1.043879 $09] reof0734_ 350] 1.057465 

RO37*1 =0| 1.0 3 T Oz. ES pypens” 32% 2:05 rms 
we 1.937400 E--cS., T4 0901 | 351] 1-957633 
z<| 1.0 -n prong: Zr1] 1,0509 | >802 
ws a 271] 1.044 | + I.og1069 | 352] 1-05780 
"rp Kors 272] 1-044379 ; 46 1237 353] 1-057971 
232 pg 3 273 1.044F54F | z1T3 Pen oF | 354 I.0of8140 
233 on _ 274 1.044712 1314 mr e9- 2. | 355 I.of8309 
FEY On g 275] 1.944579 NS 256| 1.058 78 
235 IT; 03822 vESE HT « , - a Z16 I eOFI74I 35 i | - : 
- _— 276, 1.04504 | 317] I.of1908 | 357 1.058647 
230 1.0 08 255 1.04F213 4 y orehuge | 358 I.058816 
BS 3-0 AVES {£76 1.045380 a 24 359] 1.058985 
236 : 038725 C 1.045546 319] 1.052 44 6Ol I. | I.OF9TF4 
9 9 8891 dd Wh 32ctE-1 Of24I2 | Z6c uwnakf 3 far ho 
235! 1. ——_ RE: wy _T. «O49 733 ——_———- g 361 F. -©59323 
p44 _1:239 = 281 Mi 045580 jt Wi. $ 362 1.059492 
pet os 282) 1.046047 ws 04 363] 1.059661 
24 395 283| 1.046214 . 64; T.059830 
4 10395 fy 2841-7, 046381 3241 HEFIETs [265 "1% aud 
244 x. CIP 285 " 946548. 325 OOTITES. AT 2 EEE 
246 roqooy3 "a 046882 | 267 1.053589 
Tg.” 288] 1,047050 327] O8I7F7 
or Pan 289] 1.047217 329] 1-953925 
249 OGDAEY 290] 1.047384 330 1.054094 2, 7 TO ESI 
2\Q 1.010717 A _ =p 331| 1,054262 
251 1,040883 we pI Sans cn 332| 1.054430 þ 
252] 1.941050 _ 333] 1-054599 
[253] 1:041216 -o+4 Bb "60 334! 1.954767 

I 1294] 1.04805} 
254 mas 6, 1295 1,048220 335\ T. _1-054935 — 
pi1.:-4rm08 gan [336] 1.055104 
296| 1.048388 330] i 

j256| 1.041715 29- 1.048555 337| 1-955272 
257 1.041881 "lt 1.048723 338, 1.055441 
258 1.042047 : o 1.048890 339 r.05f609 | | 
259] 1.042214 Xt lit bi 40 1.055778 
26c| 1.042380 : hate 7 Ke 
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$'VIIL The 7/ſe of the foregoing Table of Compound Intereſt, at 6 per Cent. 
for Tears, (Quarters, Months ; exemplified in the ſolution of ſeveral Queſtions of 
divers kinds. | 


Queſtion 1. What will 136 li. 15's. 6d. be augmented unto, being forborn 20 years at 
6 per Cent. Compound Intereſt ? ; | 

The 1364s. 15-5. 64. muſt be reduced into a Decimal Fraction, (by the Rule for 
that purpoſe before given in the ReduCtion of Vulgar Fractions into Decinals,) and ir 
wiil be 136.775. + | ; ; 

This number being multiplied by 3.207135, ( the number in the Table ſtand- 
ing againſt 20 years, ) the ProduCt will be 438.554 : And this Product being re- 
duced will be 438 1j. 135. 1d. 19. And fo much will 13643. 15 5. 6 4. be: augmen- 
red unto in 20 years. 

Queſtion 2. What will 250 li. being forborn y years and an half, be augmented unto ? 

Look in the Table for 9 years 2 quarters, in the left hand Column ot the Tabjie, and 
azainſt it you ſhall find this Number 1.739425, which 1s the amount or increaſe of 1 1;. 
in nine years and an half: Then, : | 

As 1 ls. is to 1.739425, fois 25045. to 434.556250. 

W hich reduced, is 434 {i. 17 5. 14. 24. And to ſo much will 250 4. be increaſed in 

ears. 
of; Queſtion 3. What is 240 li. duc ro be paid ſeven years ard a quarter hence, worth in 
preſent Money ? 

Look for 7 years and a quarter in the firſt Column of the Table, and againit it you 
have this number 1.5 25694. Then unto 240 add a competent number of Gyphers as 
9, and then divide that number by 1.525694, the Quotient will be 157.305; which 
being reduced, is 157 4. 65. 14. 19. and that Summ will diſcharge the Debt of 240 li. 
payable 7 years and a quarter hence. 

Queſtion 4. What 1: 40 li, per Annum for 10 year s worth in preſent Money ? 

r. Seck the number in the Table ſtanding againſt 10 years, which is 1.790847, from 
which ſubtract one Integer, then will the remainder be .790847. which multiplied by 
100 makes it .79084700. * 

2. Divide this number by the Rate of Intereſt (which is 6,) and the Quotient will 
be 13180782. 

3. Multiply this Quotient by the Annuity, which is 4013. the Produtt is 527231280 

4. Divide this Product (adding Cyphers to it) by the (whole) tenth number in the 
Table, viz. by 1.790847, and the Quotient will be 294.403, which reduced, is 2941. 
85. 04. 34.. and fo much is 4015. per Annum, worth in ready Money. 

Queſtion 5. What is 232 11 10s. per Annum, for 15 years and an half, worth in pre- 
ſent Money ? 

1. Look in the Table for the 15 th. year and an half, where you ſhall find this num- 
ber 2.467.907, from which ſubtract one Integer, and it will be 1.467407 ; which mul- 
tiply by 100, by adding two Cyphers to it, and it will be 1.46740700 : Which divide 
by the Rate of Intereſt (namely by 6,) and the Quotient will be 24456783. 

2. Multiply this Quotient by the Annuity, viz. by 232 (;. 105. and the ProduCt will 
be 56862020475. 

3. Divide this Product (;adding Cyphers to it ) by the number againſt 19 years 
and an half, viz. 2.457407,and that Quotient will anſwer the Queſtion. 

Which Quotieat 2304.546 being reduced, is 2304 i. 10s. 11d. 19. and ſo much 
is an Annuity of 232 {;. 105. per Annum, to continue 15 years and an half, worth in pre- 
ſent money, at 6 per Cent. per Aznum, Compound Intereſt. 

Queſtion 6. Whar is an Annuity of 351i. per Annum worth for 7 years, the purchaſe 
money being forborn tilt the end of that term of 5 years at 6 per Cent. Compound Intereſi ? 

1. Seek the number in the Table againſt the 7th year, which is 1.50363, from 
which ſubtract one Integer, and it is .50363, to which add two Cyphers, making it 
. 5036300. | 

2. Divide this number by the Intereſt (viz. 6,) and the Quotient will be 839383. 

3. Multiply this Quotient by the Annual Rent of the Annuity, (iz. 35,) and the 
Product will be 293.73405 ; which Produtt reduced, is 293 hi. 15s. 84.19. Ando 
much is the Annuity worth to be paid for at the end of 7 years. 


Quelſtioa 
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Queſtion 7. What Annuity to continue 21 years will 50011. purchaſe, at 6 per Cent. 
Compound Intereſt ? : : © Y ; 

1. Seek the number ſtanding againſt the 12 years, which is 3.399563, from which 
ſbtract one Integer, and it will be 2:399563z and to It add two Cyphers, making it 


6390. 

ads this number by 6, (the Rate of Intereſt,) and the Quotient will be 
- 39.992716, which Quotient with Cyphers added, mult be divided by 3.399563, (the 
number ſtanding againſt 21 years in the Table, and the Quotient will be 11.754c75. 

3. Divide the purchaſe money 50o {. (adding Cyphers) by this Quorient, and the 
Quotient of this laſt Divition will be 42.502. which reduced, is 42 /5. 10s. 04. 27. 
and ſuch an Annuity will 500 {5. purchaſe for for 21 years. 

Queſtion 8. What yearly payment ro begin preſently , 1s equal to 60011. due 7 years 
hence ? | 
\ 1. Seek the numher ſanding againſt the 7th. year which is 1.503630, from it ſuh- 
traCt one Intiger, and it is .503630.; add two Cyphers to it, and it is .50363000-: Di- 
vide this laſt number by the Rate of Intereſt (viz.6.) and the Quotient is 8393836. 

This done, divide the 600 {i. (adding Cyphers thereto) by the firſt Quotient 8393S, 
(for the two laſt figures may be omitted, to ſhorten the Diviſion,) and this laſt Quoti- 
ent will be 51.481, which being reduced, is 71 /s. 9s. 7 4. 29. So that 71 k.95. 24. 34. 
being paid Annually will diſcharge 600 {. 1n 7 years. | 
_ "Queſtion 9. What will 234 li. 15s: 6 4. 2 9. amount unto, being forborn 35 years and 
an half, at 6 per Cent. Compound Interest ? : | | 

Firſt you mult reduce the 234 (5. 155. 64. 29. into a Decimal Fraction;and it will be 
234.777 3 multiply, this by the number ſtanding againſt the 25 years and an half, which 
number is 4-418751, and the Product will be 037.420; which being reduced, is 
1037 (5. 8s. 54d. and fo much will 234 /i. 15s. 64. 294. amount unto in 25 years. 

Queſtion 10. Whar will 378 i, amount unto, it being forborn 7 months, at 6 per Cent ? 

The number in the Table anſwering to 7 months, is 1.034574 3 which multiplied 
by 378 4. the Product will be 391.968 z which being reduced, is 391 {. 15s. 44. 29. 
for the amount of 378 /;, in 7 months. | 

Queſtion 11. What will 4201i. amount unto, it being forborn 104 days, at 6 per Cent ? 

The number in the Table ſtanding againſt 104 Days, is 1.016941 ; which multiply 
by 420, the Product will he 427.031220; which being reduced,is 427 (i. 7 d. 2 9. and 
fo much will 42045. be augmented to in 104 Days. - 

Queſtion 12. If 21oli. be forborn 3 years, 3 months,and 24 days ; whar will the amount 
thereof be in the whole, at the end of the Term ? 

Seek the Decimal for 3 years and a quarter, which 1s 1.208493; alfo look for the 
Decimal for 24 days, which-(without the Index,) is .003839 ; theſe two added to- 
gether make 1.212332 ; which multiply by 210 /z.-the Product will be 254589720; 
which being reduced, is 254 7i. 11s. 9d. 24. and fo much will 210 /;. be increaſed to 


In 3 years, 3 months, and 24 days. 


$ IX. The Tſe of the following Tables of the preſent worth of one Pound due af- 


ter any number of years, under 31; in Tears, (4arters, Months and Days. 


The Uſe of theſe Tables will be beſt exemplified in reſolving of ſome Queſtions. 
Queſtion 1. JF 438i. 13s. 1d. 1q. be due and payable 20 years hence, how much is 
the preſent worth thereof ? E 
The given ſumm being reduced into a Decimal, will be 438.5552 ; which being 
multiplied by .31180.47, (the number ſtanding againſt the 20 th. year in the Table.) 
The Product will be 136.772; which reduced, is 136 5. 15 s. 54. 249. and fo much 
preſent money will ſatisfic a Debt of 438 /j. 13s. 1d. 19. due and payable 20 years 
ence. 
Queſtion 2. A js to pay wnto B at the end of 6 months 5co li. but do agree (upon pre- 
ſent pay) to diſcount for the ſame, after the rate of 6 per Cent. what preſent money will 
a:ſcharge the Debt ? 
Look in the Tahle for 6 months, againſt which ſtands this number .991 2858; which 
multiply by 500, the Product will be 485.6429000 ; which reduced, is 485 li. 12 5. 
109. 2 9, ard ſo much preſent money will diſcharge the Debt of 500 {+. 


neſtion 3. A hath a Leaſe in reverſion, which at the expiration of 7 years, was valued 


mori 1200 li, which Leaſe B won!d purchaſe for preſent pay, rebating at 6 per Cent. 


*r Annum, Compound lucreſt. 
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There is no eſſential difference between this and the laſt preceeding Queſtion : For 
it is no more than to find the value of 12004;. not due till 7 annual revolutions be ex- 
pired. Look therefore in the Table for 7 years, againſt which ſtands this number 
.6650571 ; and this number multiplied by 1200 /:. the Product will be 798.0685200 ; 
which reduced, is 798 li. 15. 44. 24. and fo much 1s the Leaſe in reverſion worth. 
Queſtion 4. A is to pay wnto B 4 Legaſie of 1800 li, at three ſeveral equal paymonts , 
viz. 600 li, at the end of 6 months, 600 11. more at the term of a year, and the laſt 600 11. 
at the end of 18 months. B deſires the Legaſie at one intire and preſent payment, which A 
conſents to, rebating after the rate of 6 per Cent. C ompound Intereſt what ſumm of mg. 
ney will diſcharge the Legaſve ? NIL kt oe 
Firſt, Look in the Table for the Decimal of 6 months, which is .97912858, which 
multiplied by 600, (the 5rlt payment;) the Product will be 582.7714828, which re- 
duced, is 582 65. 155. 54. 14- : VE 
Secondly, the Decimal for a year, or 12 months, is .9433962, which multiplied by 


' 600 li. the Product will be 566.0377200; and that reduced, is 566 i. Os. 9 4d. 


Thirdly, The number for the laſt 6 months may be thus found : 
The Decimal for a year 1s — ——_ | X —.9433962 
The Decimal for 2 years Is — aw . 8899964 
Theſe two multiplied together do produce - — 839618666416 

The Square Root of which number is .916307, which number multiplied by 600 /s. 
the Product will be .549.784200 ; which reduced, is 5496. I5 s. 84. 29. 

*Theſe Three Products added together make .698.5934 ; which reduced, is 16998 /;. 
115. 10d. 39. and fo much will diſcharge the Legafie at one preſent payment. 

Queſtion 5. What is the preſent worth of 43 li. 9s. 6 d. due after the expiration of 57 
months, worth in preſent money ? 

This ſumm being reduced to a Decimal, is 43.45, and this multiplied by .96658: |, 
produceth 41.996 ; which reduced, is 41 /i. 19s. 11 d. 1 9. for the preſent worth. 

Queſtion 6. What is the preſent worth of too li. after 216 days ? 

The number ſtanding againſt 216 days, is .9&61053 ; this number being multiplied 
by 1@9 45. ( which is done by adding of two Cyphers, ) the Produt will be 
.96.6105300; or reduced, 96 {i. 12s. 24. 29. the preſent worth. 
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4 TABLE Shewing the Increafe of One Pound, (or 20 Shiltings,), 
due after any number of years under 31. at 91x Pound per Cent. 
per Annum Compound Intereſt : C alculated for Tears, Halves, 
| Qarters, Months and Days. | 
| Y. Q.\Preſent worth. MF  O.\Preſent worth.| T. .| Preſent worth- 
Oo ©| .0000000 10 ©| .5583947 | 20 of 3118947 
| .9855383 I | .5503194 If -3072955 
2 | .9712858 2 | .5423609 2 | .3o28F15 
39572394 3 | 5345175 3 |.-2984718_ 
1 of -9433962 Is ©o| .5267875 2T of .2941F5F54 
I} -9297531 T | .F191693 1 | -2899014 
2 | 9163074 2 | .FI116612 2 | .2857089 
3 | -9930560 3 | -5042618 3 | 2815771 
2-0 8899964 I2 © | :4969693 22 of .27750Fl 
I | .0771256 I | .4897323 r | .2734919 
2| .8644409 2 -| .4826993 2 | .2695367 
21 -3519397 3 | .4757187 3 | -2656388 
3 o| 8396193 13 o| .4688390 23 of .2617572 
I | .8274770 1 | .4620588 I | -2580112 
2 | -SIFFIO3 2 | -4553767 2 | -2542799 
3 8037167 p 4487912. 3 | -2506026 
4 0| -7920936 14 ©0| -4423009 24 of .2469785 
x | .7006387 I | -4359945 I | -2434068 
2 | .7693493 2 | .4296006 2 | .2398867 
3 "532233 | 3 4233879 | 3 | -2364176 
5 o| .7472581 15 o| .4172650 |25 o|] 2329986 
I| .7364F516 t | .4112307 | 1| .2296291T 
2 | .725F8013 2 | -4052836 2 | .226J082 
3 |:71530fo. 3 [3994226 3 | :2230355 
6 © 7049605 i6 ©| 3936463 26 ©| .219810- 
I | .6947656 I | -3879535 1 | -216631T2 
2 | .6847182 2 | -3823430 2 j*-2134953 
—_d> OT 3 [3769137 | ns ts 
7 ©o| .6650571 17 0] .3713644 27 0] -2973679 
I] .6554393 T | -3659939 I | -2043690 
2 | .6459606 2 | .3607010 2 | .-2014135 
__3| 6366189 | 3 [3554847 _ 3| -1985008 
Ss of .6274123 18 o| .35093438 28 © eI956301 
I | .6183389 I | --34 F272 I | 1928010 
2 | .6093967 2 | .3402839 2 | .1900128 
2 .6005839 3 $3353629 3 1872648 | 
9 o[ .5918984 19 0| .3395130 25 of] .1845567 
I| .5833386 7 3273932 I | .13818877 
2] .5749026 2 | .3210226 2 | .1792573 
__3| -566588s5 3 | -3163801 3| -1766649 
19 of 5583947 | 20 ©| .3118047 39 of .1741101 
Month | Preſent worth. | | Month | Preſent worth. | Month | Preſent werth. 
I | -9951560 ) 9760136 9 | -9572394 
2 | -9993355 6 9712858 Io | .9528026 
3 | .9855383 7 9665810 11 | .9479884 
4 | .9807644 8 9618988 | | 12 | 9433961 
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- number of Days under 366. 
The Preſent worth of One Pound for any n 7 * 
Da. Da: | —— 
= _=_ | * —— I11| .9824359 | oor 9739476 
"I -9998404 be : 09, 18 IT2 9822791 167 +9736922 
© | 6.104 pA $ Ds $36 1113] .9821223 168] -9735 368 
3! -9995212 | - , end re 114] -9819656 169] -9733814 
4 -9993616 j9 mr 6 I15| 9818088 170 9732260 
c| .9992021 69 24-vecs age D Tr&l .o816 17K -9739707 
— © | G1| .9903092 LI0k <POTSIAE 72] .97291 
6, 9990426 : 117| .9814954 172] -9729154 
7 9988831 62 4 aud my” 9813 287 [73 +.9727600 
8, .9987237 eq 9929990 rx9| -9811821 174] -9726047 
9| -9985643 pg. Bo646g 120] -9810254 os, 2724495 
= 9994048 — o8oc 100. I21 -9808688 176 «9722942 
11] .9982455 ” 6b 122] «9807123 177] +972F390 
nay -I9vovor 5 "HM 123] -9805557 070} -9719039 
13] .9979268 , - rs 124] -9803992 179 9718287 
I4 9977675 * 9 888824 I2F 9802427 150 29716736 
x 511-9976083 | E _—_ 8 126| 9800862 181] -9715185 
16| 9974490 7s 0883418 | 127] -9799298 [82] .9713634 
17. .9972898 72 jen ps 9797733 183] .9712084 
18' .9972306 73 9882561 SE: 19796169 84] 9710534 
=o 4. wt : ey 2a 9879406 I31 .9793042 186 49707433 
_ «9966532 a -9877829 132] +9791479 187] -9705884 
22} 3964941 77 a 132] -9789916 188] -9704334 
23, -9963350 7 Hou hl 25d 134] -9788353. 189] .9702785 
24 -9961759 "1, Ws "bu 135| +9786792 190 _-9701236 | 
_25|_-9960169 | mn _ = 136 9785228 I91 «9699688 | 
| 26| .9958579 4 yes wt 137] -9783666 192] 9698140 
27] -9956990 mh: 286337 138] .9782105 193] 9696591 
' 28| 995 5492 5, 0866797 139] -9780543 194) 9695044 
29, -9953810 ns rk ' Irgel 9578982 195| 9693496 
| 30.999 | wy —— 141 29777421. 196| 9691949 
| 31] -9950633 T6200, 142) -9775860 197, +9699420 
bn 9949045 88 SF 'S 143] -9774300 198 9658954 
33] 294745 7 g _ oy I44] -9772739 _ 1199, «9687308 
34] -9945869 9 por a  Ir45] +9771179 200 :9685762 
"IF -9944202. "23 "gee —_ r46| -9769620 20T 29684216 
36 9942694 *Y $4 SUM 147 29768060 ag 9682670 
7] -9941T107 "7 ada 148 .9766500 203] «9681124 
« [v6.14 4 e062 149] -9764942 204. «9679579 
39 TT 55] -9849. 9849486. IFo| -9763383 205, _+9678033 
40| .993 ea — Nero Ir 
won IF1| -976182 206 -9676489 
41] -9934760 ” 9047923 IFN Goa 207, +9674944 
42] .9933175 q +9240 54 .9758708 208, .9673400 
I590 98| .9844770 If3] 975 
4.3] -993159 | 0842108 | I54 G7E7TIES 209 «9671855 
bbs þ; ok og 9841627 155] 9755592 210, +9670311 
_45] 29204 Apr: gl propa p I56| -9754036 211 9668768 
46 9926834 : | 2848 ; 157] -9752479 212) 29667224 
77] -9925250 is mJ p36, ie 0750922 213, «9665681 
48] .9924665 | =, pt, 914 r59] 9749366 214' 9664138 
49] .9923081 | be $040 | 16o| -9747809 215 19662596. 
Fol .9921497 EE RE rs 216 9661053 
F1] .9919914 = gnacg 6 as 217, «9659c11 
by polenl ge - Nog! 208g 163i -9743143 218, .965 7969 | 
Ba, hich le-D 1109, .9827497 [164] 49741587 he pH -] 
os cds hed .9825928 | 165" .9740032 220 9654836. 
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The Preſent worth of One Pound for any number of Days under 366. 
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— Da. Da.| | Da.| 
22119653345 261] .9591799 391] .9530843 347] -9470177 
1222 9651504 262] .9590369 302] .9529322 342 29468665 
2234 +9650263 262 9588837 1393] -9527800 , 343] -9467154 
[224] +9648723 264| -9587306 304] .9526280 | 344] -9465642 
225) :9647183 265] .9585775. 395] :9524759 | Þ45[2464r30 
220| 9645643 i266] .95 84245 306] .9523239 | 349] -9462621 
22-| 9644103 1267] .9582715 397] -9521719 347] +956I110 
226] +9642563 268] .9581185 308] .9520199 343] -9459600 
226 9641024 269] «9579656 309] .95 18679 349] -9458090 
23c| 9639485 _ 270] 9578127 31 IfEIGO 359]_-9456580 
231] +9637946 71] -9576598 311] .9515640 351] -5455071 
232) -9636408 272] .9575069 312] 9514121 352] -945356T 
233] :9634870 273] -9573541 | 313] .95 12603 | 353] +9452052 
234] -9633332 274] -9572013 314] «991084 354] -9459543 
235| 9631794. 275| 9579485 _ 315]_-9529566 3551_:9449935 
236] -9630256 276| .9568957 316] .9508048 356| -9447520 
23"| -9628719 277] +9567430 317] .9506530 357] -9446018 
238 9627182 278] .9565902 318] .g5ofol3 358] -9444511 
2351 .9625645 279| -9564375 31s] .9503495 359 -9443003 
24c|_-9624109 280, .9562849 32] -9501978_ 360] +9441459F , 
241] -9622573 281] -9561322 321] .9500462 361] .9439988 
242) -9621037 282| .9559796 322] .9498945 362] -9438481 
243] -9619500 283] .9558270 323] -9497429 363] +9436975 
244] -9617963 284] -95 56744 324] .9495913 364; +9435468. 
245 9616430. 285] 9555219. 325] -9494397 | 365]_-9433962 
246] -9614895 286| .9553693 326] .9492881 

247] -9613360 287] .9552168 327] .9491366 

248] -9611825 288| .95 50644 328] .9489851 

249] -9610291 289] .9549119 329] .9488336 

250] 9608757 2991:9147395_ 332]_94868522 p47 | FEGETORR 
251] -9607223 291] .954607I 331] .9485307 | 

252] -9605690 292| 9544547 332| -9483793 

253] -9604157 293] 9543923 333] -9482279 

254] -9602623 294] .9541500 334! .9480766 

255] -960T0g9T 295] -9539977 335| -94792F1_ Toke £ 
256} .9599558 296] 9538454 336| -9477739 

257 -9598026 297| +9536932 | 337] -9476226 

255 .9596494 298| .9535499 338| +9474713 

2#q -9594962 299] +95 33887 339, -9473200 | 

26c\ .9593430 300| 9532365 240" -9471689 | 
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ARTIFICIAL 


ARITHMETICK; 


TL OGARITHMETICAL 


AND 


LOGISTICAL. 
FART. 
X11 AK 
of LOGAKRITHMS. 


Efore I come to ſhew how to, work the Ordinary. and Extraordinary Rules of 
B Arithmetick by Logarithms, whereby Multiplication 1s performed by Addition, 
Diviſion by SubtraCtion, the Square Root extraQted by Bipartition, the Cube Root by 
Tripartitiod, the Bl uadrate Root by Quadrupartition, &c. it will be necellary, firſt, 
to give yon the De nition, and Nature ; and ſecondly, the Geneſis, Fabrick, or Con- 
ſtruction of theſe artificial Numbers, called Logarithms. 


$ I. Of the Definition or Nature of Logarithms. 


1144 


Logarithms are borrowed Numbers, which differ among themſelves by Arithmetical 


habe Proportion; as the Numbers which borrow them,do differ by Geometrical Proportion. 
anfGeaney | Thus in the'firſt Column of 'the following 27m - wpoort 
trical Pro- TD) bers in Geometrical Proportion are 1, 2, 4, $, 16, &c. Now 
Pal —_— a2 = = T to theſe you niay aiſume avs ather ſeries of N ambers, for their 
Car Arith] 7 | C $32] borrowed Numbers or Logaritlins; ſuch as are . in four other 
merick, ||'E - 38K iho Columns, noted at the heags of them with A. B. C. D. andat 
Part I. {|S__4__< —|— the bottoms of them with L for Logarithms (or borrowed Num- 
_ 5 = 8] 4] v1 i bers) to them, .in the firſt Column; provided, that the borrowed 
Theorem of |S 16 p 9 r 7 a ; N yrs wo >, os {o aligned, 9 an _— yy eg 
the ſecond, |S __32]_ 2/2222) 1n Arithmerical Proportion; as the Numbers in the fir 
Book fol- = - 62) 511123117] tmmn do by Geometrical Propdftion. 
owing. = 128) 81226114 Thus in the Column C, if you will appropriate 5 to be the Lo- 
E 256| 9113 29/71 —_ 1,80f 2, 11 * 43 4 _ be the Logarithm of 8, and 
S Tc|ta 22! 8) 35 theLogarithm 1024,and fo on; for the Numbers in the Column 
4 kde KY 5h | C,viz. 5,8,11, 14, Ec. dodiffer among themſelves in Arithmeti- 
CTLLTL cal Proportion,(the common difference being 3,) as 1, 2,4, 8, &c. 
Er ( The Proportional Numbers unto which they are aligned ,) 
| okay 0X | _ do differ by Geometrical Proportion : And what is here 
Proportionals | (aid of the Numbers in the Column C, is to be underftood 


of thoſe in the three other Columns A,B, and D; or of any 

other Numbers which you ſhall aſſign for Logarithms, to any Renk of Numbers which 

are yn Geometrical Proportion. And theſe Logarithms, or borrowed Numbers, you 

may propound to decreaſe downwards, as thoſe in the Column D, as well as up- 
wards, as thoſe in the Column, A, B, and C. And from hence it will follow, That, 

Any four Numbers Geometrically Proportional being given,the ſumm of the Logarithms of 
the two mean (or middle Numbers) is equal to the Summ of the rwo extreme Numbers. 


SO 
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So the four Geometrical Proportional Numbers, 2, 8, 16, and 64 in the firſt Co- 
lumns, whoſe Logarirfims in the Column C are 8, 14, 17, 23, I ſay, that the Summ 
of the Logarithms of the two means, w4z. 14 and 17, which is 31, is equal to the Summ 
of the Logarithms of the two extreams, viz. 8 and 23, which is alſo 31 ; and for the 
Geometrical means, 8 and 16, being multiplied together, produce 128 z and the two 
extreams 2 and 64, multiplied together, produce 128 z alſo from whence it appears, 
that Logarithms perform that work by Addition, which common Numbers doth by 
Multiplication. 

And from hence again it will follow, that if three Numbers are given, and a fourth 
Proportional Number to them be required ; it may be found by Addition and Sub. 
tration of the Logarithms of thoſe Numbers: For, as in natural Numbers ; if inſtead 
of multiplying the two means together, and dividing of the ProduCt by the given Ex. 
tream, the Quotient ſhall produce the fourth Proportional; ſo I ſay, that if you 
add the Logarithms of the two Extreams together, and from their Summ ſubtract the 
Logarichm of the given Extream ; the remainder ſhall be the Logarithm of the fousth 


Proportional Number requred : 
Example. Ler the three Proportional Numbers be 2, 16, and 64, to which 4 fourth 


Proportional N umber 1s required. | 
If (as in natural Numbers) you multiply the two means 16 and 64, the Product 


will be 1024 ; which divided by 2, the given Extream, the Quotient will be 51253 _ 
the fourth Proportional : Burt if (inſtead hereof) 


To the Logarithm of 16, which is —— — — 
You add the Logarithm of 64, which is ——»— — — 3 
The Summ of them is - =_ — -40 
From which ſubtract the Logaricthm of 2, which is —— c—_—rtroo—-e—_— 
The Remainder is ts mrnmnne mn rnnn—n—s m—_ 


+ Which is the Logarithm of 512, as in the foregoing Table. | 
$ II. Of the Geneſis, Fabrick aud Tabular Conſtruftion of the Logarithms. 


The Conſtruction of Logarithws conſiſts in the framing of a Table of Logarithms, 
that is, a Table to contain the Logarithms of all Numbers, from 1, to 1060, 10000, 
100009; or to any farther extent. | 


To frame ſuch a Table, you muſt propound |— 
to your ſelf a convenient Rank of Ewing bg - | B a 
Geometrically Proportional. from, 1 ; and then 1] 0.00000 
aſſign unto them that kind of Logarithm, which s 01 SES V0.0 
may be apteſt for uſe in Arithmetical O-, £0 03 RLRVD DO 
perations: And ſuch are thoſe you find in bas 0 
this Table; in which, in the Column A. you 50,00 CL EITSD 0 
have a Rank of Numbers, Geometrically Pro- TIoo0000{[ F$.00000 
portional from 1, and over againſt each of 2'0'0 0001 "L600 00 
them in the Column B his reſpeCtive Loga- TODO CCC OL LL ELRES© 
rithm, Io00000000|] 8.00000 

So the Logarithm of is is 0.00000 3 the Lo- 25 --9pPuepess 9.00000 
garithm of Te is 1.00000 ; the Logarithm of [. © © 0 © 000000o[T1o Fg 0000a 
109, is 2.00000; &c. And this kind of Loga- "2% tional Numbers, | Their Logar. 


rithm was: that which was agreed upon. at a F 

| <ronp _— wo the Inventor and PcoPagator of them, at the firſt; namely, 
ſoon Neper, Baron of Merchiſton in Scotland, and Mr, Henry Briggs, th 

veometry in Oxford. Wi ; «nods 


$ II. What the CharaQteriſtick (or I»dex) of a Logarithm is. 


The firſt figure of each-Logarithm, which is ſeparated from 
Prick, is called the CharaCteriſtick, or Indices of Te Logarithms. IS 
Rs the CharaCteriſtick ot the Logarithm of 1 is o, of 10 1. of 100 2. of 1000. 3, 

py And theſe CharaCteriſticks of the Logarithms increaſe by Unities z for the Cha- 
racteriſtick of the Logarithm of 1 being o, .the Charafteriſtick of Logarithm of 
rays l, Ce. alſo the CharaCteriſtick of the Logarithm of anysNumber comprehen- 
-— erwixt any two of the Proportionals in the Table, differs not from the Cha- 

eriltick of the Logarithm of the firſt of thoſe two Proportional; as for Example. 
X Theo 


— 
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| wo 1 Jann t ifs: 

The CharaQeriſtick of } I00 Lang 1299 BY by: 
all Nymbers between I000 | T0000 ? ' Zo 
I0000 | I00000 | | 4- 

CL 100000J ; T000000 y | F« 


So that the Charatteriſtick of any Logarithm is one Unite leſs than the Number of 
Places in the Geometrical Proportional, to which it is a Logarithm. 
| | As in this Table you may obſerve, that 2, 4, and 8, (being 
JCG:].D0 numbers comprehended between 1 and 103) their Logarithms 
—(—Tgooo have for their CharaCteriſticks, 0. 


[ 2. 30102 Alſo, | 


(l 4.0.62205 ah Being Numbers between 10,and 100; have for their" 
(lf | 80.90308} o CharaQteriſtick. ; ” 
[V es wan I Again, 

V 321.50514 1d 


I, 


vI 64 1.80617 256 
«+ | LAB 2-1 O20 $12 2, 
21 pt pu te And Laſtly, 1024 being a number between 1000 and- 10000, 
[211-413 2-203] hath for its Charafteriſtick 3 , being one Unite leſs than the 
X 10243-01929 Jumber of Places in the Geometrical Proportional 1024, to 
rr —_ Go which 3.01029 is a Logarithm : And the like is to be- underſtood 
ow ws '*' ofall the Logarithms, comprehended between thoſe Proportio- 

wk III nal Numbers of the former Table, noted with A and B. 

The Logarithms of this kind, ought all of them to conſiſt of an equal Number of Pla 
ces for you may propoſe them to conſiſt of either ſix Places,as thoſe inthe two foregoing 
Tables, A'B and CD; orof fever, eight, ten, or fifteen Places, (as thoſe in Mr. Brigg:'s,) 
or as many as you Pleaſe. But when you have determined of how _ Places your 
Table ſhall conſiſt, you muſt not alter your firſt reſolution; as to make the Loga- 
rithm of one Nutnber to conſiſt of fix places, and another of ſeven or eight. 


SIV. of the Arithmetical C omplement of a Logirithm. 


The Arithmetical Complement of a Logarithm, is the remainder of the other part 
thereof, (beſides the Characteriſtick) being deduCted out of the Logarithm of 10. 

So the Logarithm of 10, in the Table AB being 1.00000 ; if you ſubtra .60205 
(the reſt af the Legarithm of 4, beſides the CharaCteriftick in the Table CD,) the 
remainder is .397953 which is the Arithmetical Complement of the Logarithm of 4. 
Ja like manner .79589 is the ArKhmetical Complement of 1.20411, the Logarithm of 


16; and ſo of any other. 


Being Numbers between 100, and 1000; have \* 
for their CharaQteriſtick, 2, 


6 V. Of the nature of Logarithms, i» Multiplication, Diviſion, and Proportional 
Numbers, 


Putting the Logarithm of 1 to be 0.00000 in Multiplication, the Summ of the Lo- 
garithms af the Multiplitand, and of the Multiplicator, is equal to the Logarithm of 
the Produdt : So if 64 were ta be multiplied by 16, the Produtt will be 1024. 

For as 1 ist0 16; (© is 64 to 1024, D 

So in the foregbing Table C D, the Logarithm of 16 is 1.20411 ; and the Loga- 
rithm of 64 is 1.8c617, theſe two Logarithms added together, make 2.01028 'which 
is the Logarithm of 1024; as in theTable C D : For the want of over-plus of an Unite 
or two in the laſt figure of the Logarithm produced, cauſeth no error in the work. 

. In Diviſion the Summ of the Logarithm of the Diviſor and Quotient is equal to the 
Logarithry of the Dividend; for, as the Diviſor is to 1, ſois the Dividend to the 
Quotient. Let it then be required to divide 1024, by 64; I ſay, that if from 3.01029 
(the Logarirhni of 1024, the Dividend,) you ſhall ſybtratt 1.80617, (the Logarithca of 
64, the Diviſor ,) the remainder *1.20412 ſhall be the Logarithm of 16 the Quotient, as 
by the Table C D, and the converſe of the Rule laſt foregoing, is evident. 


Ta 


—— - * c— _ ad « 
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In any continued Rank of Numbers Geometrically Proportional from 1, the Loga- 
rithm of any one of them being divided by the Denomination of the Power which it 
polleſſeth in the ſame Rank ; the Quotient ſhall give you the Logarithm of the Root of 

hat Power. 
; Thus in the Rank of Proportional Numbers in the Table C D, where 2 being the 
Root or I. Power, 4 the Square or II. Power, 8 the Cube or 111. Power, 16 the Biqua- 
drate or IV. Power, 32 the V. Power, &c. I ſay, that if the Loganithm, of 4,8, 16, 32, 
or of any of the other following Proportionals in that Rank; be divided by the Number 
of the Denomination the Power claimeth in that Rank , the Quotient ſhall be the 
Logarithm of 2, the Root. |: 

Example : Let it be required to find the Root of the third Power in the Table. 
The third Power (or Cube) is 8, whoſe Logarithm is 0.9c308 ; this divided by 3, 
(the Power) giveth 0.30102, for the Logarithm of the Root of the third Power, which 
is 2. Alſo, if it were required to find the Root of the tenth Power, which is 1024, 
whoſe Logarithm is 3.01029, which divide by 10, (the number of the Power,) and 
. before it prefix a Cypher, (as its proper CharaQteriſtick,) the Quotient will be 
0.391029, the Logarithm. of 2, the Root, as before. 

in any continued Rank of Numbers Geometrically proportional from 1, the Loga- 
rithm of the Root being multiplied by the Denomination of the Powcr,the Product ſhall 
be the Logarithm of the ſame Power. 

Example. In the foregoing Table C D. 


b-21 (0.60205? C0 -1 
| 0.90308 | | 111. | 


3 

0.30102 the Log. of the ; 4 ; 1.20411 : the Log.y 1Vv. 

Root 2, being multiplied by? 5 > PIYneethy era f of the) y. Foe 
| s | | 1.80617 | | v1. 

LES. L2-10720 LC VIL 5 


$ VI. How to find the Logarithms of Mean Numbers. 
In the foregoing Table noted with A and B, the Logarithm of 


I 00,0000 
I © | I .CO©O0O9 
100 > being put to beQ 2.0000 
1000 : 3-000900 
IO0O0O0O0 4.0000 


* Inthe next place it will be requiſite to find out the Logarithms of the mean (or 
intermediate) Numbers, ſituate amongſt (or berween) thoſe Proportionals. 


_ 2 3 4 » which are mean I _- - 
As of ; = 12 13 Numbers be- 10 > and Io0 | 
IOI. IO02 103 tween Io0 Io90 


Which how to perform ſhall be taught by the following Rules and Examples. 

| The RULE. 

Making choice of one of the Proportional Numbers in the Table A B, you ſhall by a 
continued Extrattion of the Square Root, create a Rank of continual mean Proportio= 
nals,betwixt that number and 1 ;, tm ſuch ſort, tbat the continual mean which comes neareſt 
101, mgy be a mixt number leſs than 2,, and ſo near 1, that it may have ſix Cyphers 
before the ſignificant figures of the Numerator ? | 

Out of the Table A B take 10, the ſecond Proportional in that Table, and annex 

unto it a competent number of Cyphers ( as 24.) Then extra&t the Square Root 
of that Number, which you find to be 3.162297660168 ; again, annex unto this 
Root 12 Cyphers, and working by that intire Number ſo ordered, as if it were a 
whole Number, extraCt the Root thereof, which you find to be 1.778279410038 ; 
and fo proceeding ſucceſſively by a continued extraCtion, you produce 24 continual 
means betwixt 10 and 1, which you write down in the firſt Column of the following 
Table; in which you may obſerve the three laſt Numbers, marked with the Letters, 
H L, namely theſe following, | 
1.0000005483979 
1,.000000274489 


I.000000137244 
X 2 to 
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be each of them mixt Numbers leſs than 2, and grea 
wh 6 Cyphers before the ſignificant figure of each of them, 


ter than 1; and alfo to 
according to the tenure of 


the Rule laſt delivered. 

Continual Means. _ Their Logarithms. 
10.,000000000000| [I,0000000000000 
Al|3.162277660168| jo.5000000000000 
B) 1.778279410038| [9.2500000000000 
C| 1.333521432163| [9,1250000009000 
1.154781984689| [9.0625 000000000 
1.074607828321 OCLOJI2FOOCOOOOOUOO 
1.0326632928437||2-9156250000000 
I.on18151721718 0,0078125000000 
I.009035044841 6. 00TYLVLTCENHLIS 
1-004507364254 0.00Tg95yZI2F ooo 
I.oo2251148292| [9-0009765625000 
1.001124941399| [0-0004882812500 
T.000562312602| [0-00024414062F0 
. 1,000281116787] [0.000122070012F 
I.000140548F516| [0.00006l03F51I507 
1.000070271789| [0.o0000ZoFI7F781 
I.000035135 277] |o-0000I5 2587890 
 1,000017567484| [9.0000076293945 
I:ooooo878397503} lo:opo cog81i46972 
I.000004391842||0.0000019073486 
I.000002195918| [o.oooooogyg3674 3 
I.oo0c001097958 0,0c00004768371 

G 1-000000548979} [9.000000238418 5x 

Hj 1-002000274489| [0.0006001192092|k 

L| I, COCDO OI} 7244) 0.0000000596046|M 


And here you are to take notice, that although youfare direCted to extract 
continual Means, that the laſt ſhould have but ſix figures before the ſignificant 
the Numerator ; yer you arealſo to underſtand,that this is meant (and is only neceſſary,) 
when the Table of Logarithms you intend to make, ſhall conſiſt only of fix F igures or Pla- 
_ ces,as thoſe in the preceding Table A B and C D do. Sothat when you intend the num- 

ber of Places in your Table of Logarithms, to conſiſt of eight, ten, twelve, or ſix- 
' teen, or any greater number of Places ; you muſt produce ſo many continual Means, 

till the laſt of them may have as many Cyphers before the ſignificant figures of his Nu- 
merator,as the Logarithms of your intended Table ſhall have Places. ; | 

Having +2 4, orien a ones —_— of continual Means, annex unto them 
their proper arithms; by halving firſt the Logarithm of the num 
then Friivihe Logarithms of = reſt. : | og LafeR, "_ 

As for Example 1.0000000000000 being put for the Logarithm of Io, the number 
taken, the Logarithm 0.500000 &c. (marked with the Letter D, in the ſecond Column 
of this laſt Table,) which is the half of 10.000, &c. is the Logarithm of the Nuniber 
A, (the Square Root of 10.) In like manner 0.25000 &c. being half of 0.5000 &c. 
is the Logarithm of the Number B, and 0.1 15000, &c. the Logarithm of. the Num- 
ber C, and fo of all the reſt in their order; fo that at the laſt, you have in the firſt 
Colunin of the Table 24 continual Means between 10 and [, as is aforeſaid; And in 
the other Column,you have to each of thoſe continual Means his ref 


eCtive Logarithm. 
When a number leſs than 2, and-greater than 1 comes ſo near "oi that ir hath lix 
Cyphers placed before the ſignicant figures of the Numerator ; the firſt ſix ſignificant 


figures of the Numerator of ſuch a Number, and the firſt fix ſignificant figure - 

merator of his Square Root, leſſen themſelves like their Logarithms, char js Re 

This Rule is illuſtrated from the laſt foregoing Table; where in the ſecond Columa 
of the Table, the number N being the Logarithm of the namber G ſay ; 
As the Logarithm K is half the Logarithm N, - *' P 

So Is 274489, (the firſt ſix ſignificant figures of the Numerator of the 


Number H,) are half 548979; the firſt ſix fienif 5 
Numerator of the pon. G wh, ans ma age 


ſo many 
hgures of 


LJ 


— 
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And from hence it will follow, that any two Numbers of this kind being given;their 
Logarithms, and the ſignificant figures of their Numerators are Proportional. 

Example : If the Numbers G and H be given, fay, 

As 548979, the ſignificant figures of the Numerator of the Number G, 
Are to 2744809, the ſignificant figures of the Numerator of the Number H ; 
So is 2384185 the Logarithm of the Number G, 
To 1192092, the Logarithm of the Number H. 
in the ſame manner, G and L being given; 
As 548979, the Mean G, 
Is to 137244, the Mean L ; 
So is 2384185, the Logarithm of the Number G, 
To: 596046, the Logarithm of the Number L. 

And this Rule holds true ir' any other Numbers of this kind, though it be not ons 
of the continual Means betwixt fo and 1; for the ſignificant figures of the Numerator of 
any ſuch Number, bear the ſame proportion 'to his proper Logarithm, that the fignih- 
cant figures of any. of the Numbers marked by the Letters G H or L, bear to his. 

By what hath-beeen hitherto delivered, it is manifeſt that a number of this kind be- 
ing given, the Logarithm thereof may be obtained as followeth: - 

1 he Proportion to find the Logarithms of Numbers. 

As the ſigni$icant figures of the Numerator of any one of the Numbers (ſigned 
in the firſt Column of the laſt foregoing Table ; by the Letters G H and L) 
Are to his reſpective Logarithm ; 
So are. the ſignificant figures of the Numerator of the Number given, 
To the Logarithm of the ſame Number. | 
Example : Let the number 1.000c00102130 be given, and the Logarithm thereof 
demanded ; then ſay, | . | 
As 548979, the ſignificant figures of the Numerator of the Number G, 
Are to 2384185, the Logarithm of the ſame Number G, 
So. are 102130, the ſignificant figures of the Numetator of the Number 
ven ; 
| To = 545, the Logarithm of the given Number. 

. "Before which if you. prefix-eight Cyphers, that it may have as many places as the 
Logarithms of the lait Table, (-namely 14, ) the true and entire Logarithm of 
1.0000001021 30, the number. given, is 0.0000000443545 z Which is alfo the Loga- 

rithm demanded. 


$ VII. A general Rule to find the Logarithm of any Numler Propounded. 


The firſt thing to be done, is to ſearch out fo many continual Means, betwixt the 
ſame Number and 1, till the continual Mean that cometh neareſt 1, hath ſix Cy- 
phers placed before the ſignificant figures of his Numerator. Apain, this being done, 
you are (in the next place) to find the Logarithm of that continnal Mean. And 
kſtly, by often doubling and re-doubling the Logarithm 'ſo found, ( according to 
the Number of the continual Means produced) in concluſion you ſhall fall upon the Lo- 
garithm of the Namber given. | 

Example : The number 2 being given, let the Logarithm thereof be required. 
Firſt, in imitation of that which is before taught, 23z. to find the Logarithms of mean 
Numbers; you produce ſo many continual Means betwixt 2 and 1, till, that which 
comes neareſt 1, hath ſix Cyphers before the ſignificant figures of the Numerator ; 
which after twenty continual ExtraCtions, you find to be 1.000000661036. 

| This continual Mean being thus found by the foregoing Rule, you find the Loga- 

garithm of the ſame, which is 0.0000002870842 ; this Logarithm being doubled, 
will produce the Logarithm of the Square Proportional next, above 1.000000661 036. 
And fo doubling the Logarithm of each continual Mean, ſucceſſively one after another, 
according to the number of the Extraftions, (namely 20 times, ) at laſt you happen up- 
On this Logarithm 0.3010296020992, which is the Logarithm of 2, the Number given. 

The whole Fabrick of the Work is evidently expreffed, in this enſuing Table. 


Continadl 
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| Continual Means. | Their Logaruhms. 
i 2.,000000000000 [.3010296020992 


2 
A 1424213562373 o0:1505Ii48010496\ 
:I.189207115002| [2-9752574005248 
1.09050773266F5| [Þ-0376287002624 
11.044273782422] P-o188143f01312 
11.021897148656| [Þ+009407I750656 
1.0108892860F52] [Þ.0047035875328 
1.005429901113] ſp.0023517937664 
1.0027112750Fo| [p.ooii7F 8968832 
I.001354719892] P.ooog879484416 
[1.00067713069 3 0.00@2939742208 
I:coog385080F2] [Þ.000146987IT04 
1,.00016923970F5| PÞ:0000734935F5F2 
f1.000084616274 0,0000367467776 
[1,000042307241] [Þ.oooor83733888 
;jI, 000021153396] [.ooooog1866944 
[1.000010576642]| Þ.o00004593 $472 
WATISSdTnbE3 07 0,0c00022966736 
'I,0000026441F50 [0.00000114833686 
,1.00000132207 0.,0000005 741684 
(\1,000000661036 0.0000002870842| 


Having found this Logarithm of 2, which you ſee conſiſts of 13 Places (beſides the 
Index or Chara&eriſtick, ) and that the intended Logarithms (ſuch as are in the 
foregoing Table C D,) do conſiſt but of five places beſides the CharaQeriſtick or 
Index ; you take only the CharaCteriſtick and the firſt five figures following it, (re- 
ſpe&ing the reſt as ſuperfluous ;) and then ar laſt the proper Logarithm of 2, the given 
number will be 0.30102, as in the fore-cited Table CD: And thus, as the Loga- 

rithm of 2 is found out, ſo may the Logarithm of any other number whatſoever be 
known 3 notwithſtanding, the Logarithms of ſome few of the prime Numbers being 
by this means once diſcovered, the Logarithms of many other derivative numbers may 
be found out, without the trouble of ſuch continued extraCtion of the Square Root ; as 
-is before intimated, and as tiis following Rule will direct. 


$ VIII. An eafte way to find the Logarithms of Derivative Numbers. 


The RULE. 

Having found the Logarithm of 2, the Logarithm of 5 will be eaſily found ; for, divi. 
ding 10 by 2,, the Quotient will be 5, for (by the fourth Seftion hereof) the ſumm of 
the Logarithms of the Diviſor and Quotient js equal to the Logarithm of the Dividend: 
Therefore if you ſunbtratt 0.30102, (the wh, ney of 2. the Diviſor, from 100000, 
(the Logarithm of 10 the Dividend, the Remaindtr will be 0.69898 ; which is the 
Logarithm of 5 (the Quortent :)) For, 

The Logarithm of the Diviſor 2 is —0.30102 
The Logarithm of the Quotient 5 is —0.69898 


The Logarithm of 1o the Dividend — 1.00000 


| And apain, (beſides the Logarithm of 5,) with the like facility, you may find the 
Logarithms of any other Number, that may be made by the Multiplication or Diviſion 
of theſe three Numbers; 5, 2, and 10, viz. Multiplication 4, 8, 16, 32, 64, &c. of the 
Numbers 25, 125, 625, &c. of the Numbers 20, 50, 100, 200, &c. by obſerving 
the DireCtions of the fourth SeCtion hereof. 

According to this method, the Table of Logarithms at the end of this Book is fra- 
med, and are carryed on to ſeven Places beſide the Characteriſtick ; in which Table 
you may obſerve, that the Column intituled Nam. contains all Numbers from 1 ſuc- 
cellively to 10000, as they ſtand one after another in their natural Order : Ard in the 
other Column (ſigned at the top by Logarithm,) you have juſt againſt each- Number 
his reſpeftive Logarithm. 

The 
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The Table of Artificial Signs and Tangents at the end of this Book alſo, are the Lo- 

arithms of the natural Signs and Tangents, and are carryed on to ſeven Places alſo, 

beſide the Index, or CharaQteriſtick, anſwerable to the Places of the Logarithms , fot 
the orderly uſing of them together. 


_w 


CHAP. I. 
The general Uſe of the Table of Logarithms. 


T" He Fabrick and Tabular Conſtruſtion of the Logarithms, being already largely 
T treated of,and from thence the Table prepared, as at the end of the Book , which 
' contains the Logarithms of all Numbers, naturally increaſing from Qne to Ten-Thou- 
ſand ; I come now to ſhew the Utes thereof, which are principally two, +3z. 

1. An Abſoluce Number, a AMixt Number, a Frathion (cither Vulgar or Decimal) be- 
ing propoſed,to find the Logarithm thereunto belonging. | 
2. A Logarithm being given, to find* the Abſoliwe Number, (whether Whole, Broken, or 
Mixt,) unto which gt Logarithm belangeth. | T 
Under theſe two Heads, there are ſeveral Caſes and Conſiderations, all which ſhall 
he cleared by Examples, in theſe following Sections. - | 


' 
—_—— 


SI. Flow to find the Logarithm of any Abſolute N umber, under 10000. 


Seek the Number given in the firſt Column of the Table (under che word amber, } 
and right againſt it, in the Column next to the right hand (under Zogarithes,) you 
ſhall find the Logarithm thereof. : 

Example. Let 3572 be the Abſolute Number given, and let the Logarithm thereof be 
required. , 

Look-for 3572 in the firſt Column, and right againſt it you ſhall find 3.54291 14; 
which is the Logarithm of 3572. In like manner the Logarithm of 589 will be foun 
to be 2.8950770 3 the Logarithm of 62 will be found 1.7923917 ; and the Logarithm 
of 7 will be 0.8450980; as is here ſeen. 2 


7 o.8450980 

oc bew 62(C -. ) 1.7923917 

The Logarifhm of fob 313321247 
3572), 3-5529114 


_ by this you may perceive, that if the Abſolute Number given do conſiſt 
on, 


3 Index thereof is, 
4 / 3. 


Always an Unite leſs than the Namber of Places in the given N umber,as hat been 
before declared. 


$IT. Zow to find the Logatithm of = Abſolute Number which confiſts of froe 
P 


ces. | 


"Be BOP FE. 
2 c Figures, the Charatteriſtick . 
2. 


Although the Table at the end of this Book extends but to four Places, viz. to 9989, 
mr Logarithm of any Number conſiſting of five, ſix, or ſeven Places, may be fouud 

ereby. | | 

Example, Let it be required to find the Logarithm of 58476. 
. .Firlt nd the Logarithm of 5847, (the four firſt figures of the given Number.) which 
Is (without the CharaCteriſtick) .7669331 ; and becauſe the given Number conſiſts of 
$ Places, the Characteriſtick mult be 4, which place befare .7766933 1 thus, 4.7569331 ; 
Now to find the part Proportional to be added to this Logarithm for the 6 which re- 
mains, ſubtrat the Logarithm of 5848, viz. .7670074, from the Logarithm 5847, 
"4 IO” z and you find the Difference to be 743.And then by the Rule of Propor- 

p 
As 
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As 10 (for the one figure remaining above the four, viz. 6.) 
ls to 6, (the laſt figure of the Number given,) 
So is 743, (the Difference between the Logarithm of 5847 and 58,8) 


To 446. 
Which 446, being added to 4.7669331, it makes 4.7669777 for the whole Loga- 
rithm of 58476. | . 
S II. A» Abſolute Number, confiſting of fix Places, being propounded, to find the 


Logarithm thereof. 


Example. Let $64993, be the Number given, whoſe Logarithm is required, 
Firſt ſeek the Logarithm of 8649, (the four firſt figures) which is (without the 7,. 
dex) .9369659, the Logarithm of 8650 1$.9370161 ; and their Difference is 5oy : 


Then ſay by Proportion, _ 
| As 100 (for the two figures remaining of the four, viz. 33,) 
Is to 33 (the two laſt figures of the Number given z) 
So is 501 (the Difference of the Logarithm of 8649, and 8650,) 
To 166, fere. . 
Which 166 being added to .9369659, (the Loparithm of 8649) makes it . 9369825. 
before which, if you prefix 5 (for the Characteriſtick or /ndex,) Þ is 59369825, Ph 


the true Logarithm of 3$64933- | 


$FV. An Abſolute Number confiſting of ſeven Places being given, to find the 
| Logarithm thereof. _ | . 


Example. Let the Logarithm of this Number 5423758 be demanded. 


The Logarithm of 5423 is ———-— 7342396 
The Logarithm of 5424 is —— MI — 343197 
Their difference, Ce ee —— SO1 


This done, ſay, 
As 1000, ( for the three laſt Figures, viz. 758, ) 
Is to 758, ( the three laſt Figures, ) 
So is $01zx ( the difference of the Logarithms, ) 
To 607. | 
- Whice added to .7342396, the Logarithm of 5423, it makes .7343003, before which 
if you prefix 6, for the Charafteriſtick, ( becauſe the given Number conliſted of ſeven 


Places, ) the entire Logarithm of 5423758 will be 6.7343c03. 


CV. APY, ulgar Frattion being given, to find the Logarithm thereof. . 


The RULE. 
Subrraft the Logarithm. of the Numerator from the Logarithny of the Denominator, the 
Remainder ſhall be the Logarithm of the Frattion. 4A 
Example. Ler the Logarithm of } be required. 
The Logarithm' of 3 is 0.4771212, the Logarithm of 4 is 0.602c600, from which 
the- Eogarithm of 3 being ſubtraCted, there remains 0.1249388, the Logarithm of 3. 
And fo of any other, as in theſe Examples following; +535 and 13%. + 


125 5 Logarithm of the Numerator, —2.0969100 
1257 CLogarithm of the Denominator, —3.0993353 


| | —1.0024253, the Logarithm of ;!2s5. 
125 F Logarithm of the Numerator, —2.0969100 


12572 CLogarithm of the Denominator, —4.0994044 
| —2.0024944, the Logarithm of .,13<. 


'- And here note, That the Logarithm of a Fraction is always defeCtive ; that is, the 
Value thereof is lefs than o, or nothing; for the Logarithm of 1 being put 0.0000000, 
the Logarithm of 3, which is keſs than 1, muſt needs be leſs than nothing; and by 
how much a Fraction approaches nearer to 1, by ſo much leſs is the quantity of his 
Logarithm, & e contra; becauſe, as the Logarithms of Numbers that are greater than 
1, increaſe 4 nihilo ad infinitum above 1, ſo the Logarithms of Numbers leſs thaa 1, 

; incrcaſs 
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increaſe likwile 4 thilo ad infinitum under 1; wherefore when you meet with ſuch a 
Logarithm, (to diltinguiſh it trom a perfect Logarithm, ) prefix before it this mark —, 
as in the preceding, and foJlowing Examples. 

If theſe Decimal Fractions were propounded ;;£ and i553 ( which may be written 
without their Denominators thus, .25 and .05, their Logarithms are — 0,6020600 


and —0.3910300. 


The Logarithm of :25 is 1.3979400 
The Logarithm of 100 is 2.c000000 


—0.6020600, the Logarithm of .;£. 


The Logarithm of .o5 is 0.6989700 
' The Logarithm of 100 is 2.0000000 
—1.3010300, the Logarithm of ; ;£. 


When the FraCtion propounded is a Decimal, the Logarithm thereof may be more 
ealily found, thus : | 
The RULE; 


Find the Logarithm of the Decimal given, (without the Charafleriſtick.,) as if it were 
a Whole Number ;, then take the Complement Arithmetical of that Logarithm, and 
place before it its proper Charafteriſtick,, which muſt conſiſt of ſo many Unites as there 
are Cyphers before the Decimal Frattion, ) that Number ſo ordered ſhall be the Loga- 
rithm of the Decimal propoſed. | - ; 

Exa'nple : Ler the Logarithm of this Decimal .125 be required. 

The Logarithm of .125 (beſides the CharaCteriſtick) is .o969 100, which ſubtrafted 
from the Logarithm of 10, which is 1.0000000, the Remainder will be .9030900 ; 
before 'which if you place the proper CharaCteriſtick o, ( becauſe the Decimal given 
tad no Cyphers prefixed before it,) the entire Logarithm of .125 will be —0,9030900 : 
$ likewiſe the Logarithm of .0125 will be found to be —1.9030g00, and the Loga- 


rithm of .00125 to be - --2.9030900. 


Sg VL 77ow to frnd the Logarithm of a Mixt Nunter. 


The RULE. | 
Reduce the Mixt Number into an Improper Frattion; then ſubtrat the Logaruhm of the 
Denominator out of the Logarithm of the Numerator, the Remainder is the Logarithm 
of the Mixe Number. 

Example : Ler the Logarithm of 125 } be demanded. 

This Mixt Number being reduced into an Improper Fraftion will be £3 : The Lo- 
garithm of 503 the Numerator is 2.7015680, the Logarithm of the Denominator 4 is 
0.6020600 ; this ſubtrafted from 2.701580, the remainder is 2.0995080, the Loga- 
rithm of the Mixt Number 125 3. 

Bat if this Mixt Number were given in a Decimal Mixt Number, it would be 125.55, 
and then you may find the Logatithm thereof by this RULE - | 

Seek, the Logarithm of the Number given, withous the Charatteriſtick, ard place before 

it the proper Charafteriſtick_ belonging to the whole part thereof, and that jhall be the 
Logarithm of the Mix: Number. 

Example: This Mixt Decimal 125.75 taken as a Whole Number, the Logarithm 
thereof { by & 2 hereof) will be ( without the CharaCteriltick, ) .0995080, before 
which if you prefix 2, for the proper CharaCteriſtick for the Whole Number 125, 
the perfet Logatithm for the Mixt Decimal will be 2.0995080, as it was before when 
taken as an Improper FraCtion. | 

Hitherto we have treated npon the firſt part of this Chapter, namely, to find the 
Logarithm of any Number, whole or broken ; I proceed now to the ſecond part, which 


— 


is to find out what Abſolute Number belongs to any given Logarithm, and whether 


that Number be a Whole or a Mixt Number. 


S VII. A Perfet Logarithm _ given to find what Abſolute Number it 
belongs wnto. 


In the Table at the end of this Book the Abſolute Numbers which ſtand in the firſt 
Column proceed by natural ſucceſſion from 1 to 10000 , by 1, 2, 3, &c. and againſt 
Y every 
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every Number in the firſt Column, under {Numb.] you have his Logarithm in the 


d. under [ Logarithm. | 
—_— _ | noma 2 be a Logarithm gwven, and the Abſolue Number thereunto 


ing 1s required. | | 
—— che Table under [Zogerithm] till you find 2.4771212, which when you have 
found look in the adjoyning Column towards the Left hand, and there (againſt it) you 
ſhall find 300, which is the abſolute Number, unto which the Logarithin 2.4771212 
belongeth. And ſo you ſhall find that the Abſolute Number belonging 19—— 


0.8450980J 7 

R I.7923917Kk: 62 

The Logarithm 2.8990770 Cf 189 
A 3-5S$29114 03572 


And ſoof any other, ſo far as the Table at the end of this Book extendeth ; that Is, 
from One to Ten Thouſand. int 

This Example, with the above Logarithms and their Abſolate Numbers adjoyned,' 
may ſuffice for ſuch Abſolute Numbers as the Table is capable to receive : But if a 
Logarithm ſhall be propoſed without the verge of the Table, that is, any Logarithm 
whoſe CharaCterilſtick is above 3, as 4, 5, 6, &c. then ſome other means muſt be uſed 
to find the Abſolute Number belonging to that given Logorithm. | 

Example 1. Let this Logartthm 4.7669777 be given, and let the abſolute Number 
thereunto belonging be required. 

You ſee by the Characteriſtick 4, that the abſolute Number thereunto belonging 


- muſt conſiſt of five places, (whereas theſe Tables go but to four,) notwithſtanding 


ſcek the neareſt Logarithm in the Table, which is leſs, and you will find it to þe 
3.7669331, which is the Logarithm of 5847; alſo ſeek+the next Logarithm in the 
Table greater, which you will find to be 3.9670074, which is the Logarithm of 5848; 
theſe two Logarithms thus found ſet down in this order. , 


Logarithm given, 4.766 97 77> 446 Diff. 5847 
Next leſs, 3.7669331 
Next greater, 3.7670074)487 743 Diff. 5848 


Then ſubtraCt the leſſer Logarithm from the given Logarithm, and the di 
will be 446, which is the Logarithm of 5847 alſo, take the difference mr 
leiſer Logarithm and the greater, and you will find it to be 743 : Then ſay by the Rule 
of Proportion : 

As 743» the greater difference, 
Is to 446, the leſſer difference, 
So is 1O, for the one figure wanting in the Abſolute Number to make it 
up five places. | 
To 6. , L 

Which 6 is to be ſet on the Right hand after the leſſer Number, viz. £8 7 
it to be-58476;z and that is the Abſolute Number belonging to the Os RE 
47669777» | 

Example 2. Ler the Abſolute Number belonging to this Logarithm <.92603 ed 

By he CharaQteriſtick 5 you ſee that the Abſolute Nander Ka conſiſt _— 
ces, wherefore (as before) find in the Table the neareſt greater, and the neareſt lefler 
Logarithm, finding their difſerences, and then work as before, only in the Proportion 


- uſe 100 in this, for the 10 in the former Example, becauſe this wants two places to 


be ſupplied, whereas the other wanted but one place. 


Logarithm given, 9" 4, Dif. $649 
Next leſſer, 5$.9367659 ” 
Next greater, 3.937016 16 $02 Diff. 8650 


The differences being thus taken, ſay, 
As $02, the greater difference, 
Is to 167, the leſſer difference, 
SO Is 100, for the two figures to be added, 
Which 33 is 27 be fi he leſſe 
W hich 33 1s to be let to the leſſer Number 8649, and it will 7 YEE 
which is the Abſolute Number belonging to the o_ Logarithm RG dot ns 
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6 VIll. 4 Defective Logarithm being given; to find the reſpeilive Number (or 


-* Decimal Fraftion) unto which it belongs. 


A Defeftive Logarithm is the Logarithm of a Number leſs than 1 ; now to find the 


correſpondent Number of ſuch a Logarithm, this is the KV LE - 


Take the Complement which the Logarithm given (beſides the Charalteriſticl.) wants of 
the Logarithm of 10, and ſeek what Number anſwers unto ut; this done, place before 


thoſe Fizures for every Unite of the Charateriſtick, of the Logarithm given a Cypher, 


and at laſt before all prefix a Point, thoſe Figures ſo ordered is the Number you look. 


for, which is always (in this Caſe) a Decimal Frattzon. - 

Example. J- demand the Number unto which this Logarithm —0.9030g90d doty belong. 

The Arithmetical Complement of this Logarithm to the Logarithm of 10. ( beſides 
the Characteriſtick) is .0969100, and the Number againſt it is 125; now becauſe the 
CharaCteriſtick of the Logarithm given was o, prefix no Cypher before 125, but only 
a Point, to ſignifie it a Decimal Fraction z. ſo the correſpondent Number anſwering to 
the Logarithm given will be found to be .125,-0r +375. | | 

But if the Logarithm given had been 1.9030900, its corfteſpondent Number would 
have been .o125, becauſe the CharaQteriſtick of the given Logarichm was 1. | 

So likewiſe the correſpondent Number belonging to this Logarichm «1.301030, 
whoſe Complement is .69897 z the Number ſtanding againſt which Logarithm is 5, 
before which, .becauſe the given Logarithm had 1 for its CharaCteriſtick, place one Cy- 
pher, and before all a Point, thus .o5, and that is the Correſpondent Number anſwe- 
ring to the DefeCtive Logarithm given, —1.301039. 

And. in like manner the Number belonging to this Logarithm —2.602060 will be 
found ( by the former Rule) to be .0025, &e. 
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CHAP 


MULTIPLICATION ly LOGARITHMS. 


Y the Conſtruftion of the Logarithms it doth plainly appear, that what Common 
B Arithmetick (whether Yulgar or Decimal ) performs by Multiplication and Divi- 
lion, this Artificial or Logarithmerical Arithmerick performs by Addition and Suhb- 
tration : wherefore paſſing by the two laſt mentioned Rules we begin this our Arti- 
ficial Arithmetick with Multiplication. | 

In Multiplication by the Logarithms there are ſeveral Caſes, as theſe following, tz. 


F 1. A Whole Number by a Whole Number. 
| 2. A Whole Number by a Decimal FraCtion. | 
Tomnkiphy 4 3 A Wins Number and + Decimal Fran, by a Whole Numer 
| 4- A Decimal Fraftion by a Decimal Fraction. 
5- A Perfect Logarithm by a DeteCtive Logarithm. 


ZULE TL 
When the Logarithms given to be multiplied be both of one kind, that is, both perfect, 
or bath deteftive Lngarithms, add them them together, their Summ 3s the Logarithm 
of the Product ; and is always of the ſame kind with the Logarithms of the given Num- 
bers, that is, perfe&+ if they be perfet, or defettive if they be defetive. 
RULE: i 


—_ 


(#9) 


L 


When the Logarithms of the Numbers given are of divers kinds, that is, one perfe@, 
and the other defeCtive, ſubrratt the leſſer out of the greater, the Remainder is the 
Logarithm of the Produtt required; which Logaruthm (in this Caſe) js always of the 
ſame kind with the greater Logarithm of the Numbers given. 
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SI. To multiply a Whole Number by Whole Number. 
Multiply 86 by 28. 


Multiplicand 86 its Logarithm 1.93 44984 

Multiplier 28 its Logarithm 1.44715 80 

The Product 2408 its Logarithm 3.3816564 
Multiply 376 by 24- 

—_ : :=- a: 

The Produft 9024 its Logarithm 3-9553990 
Multiply 3712 by 16. 

Multiplicand 3712 its Logarithm 4.53696079 

Multipher 16 its Logarithm 1.2041200 

The Produft $9392 its Logarithm $-7737279 


SIIL. Zo multiply a Whole Number by a Decimal Fraflion. 
Multiply 132 by 18.25. 


Multiplicand 132 its Logarithm 2.1205739 
AAultiplier 18.25 its Logarithm 1.2612629 
The Produtt | 24.09 its Logarthm 3.38183683 
Multiply 92 by 83.07. 
Multiplicand $3.07 its Logarithm I.91944432 
Multiplier 72 its Logarithm  1.8573325 
The Produt 5981.01 its Logarithm 37767767 


$ III. Zo multiply a Whole Number and a Decimal Fraftion by a Whole 
Number and a Decimal Frattion. 


Multiply 17.268 by 4-5. 


Multiplicand 17.268 its Logarithm 1.2372 420 
Multiplier 4-5 its Logarithm 0.6532125 


The Produtt 77.706 its Logarithm I.8904545 
Multiply 22.2 by 7.05. 


Aultiplicand S323 its Logarithm I1.3463530 
Multiplier 7T.O5F its Logarithm 0.84818g1 
The Produft IS6.51 its Logarthm 2.1945421 


SIV. To multiply a Decimal Fraftion by a Decimal Fraftion. 
Multiply .75 by .125. 


Multiplicand 715 Log. Comp. Arith. —0.1249388 
Multiplier tk$ Log. Comp. Arith. —0.9030900 
| —1.,0280288 
The Produft .09375 Lop. Comp. Arith. —0.9719712 
Multiply .o25 by .42. 
Mulriplicand 025 Log. Comp. Arith. —0.6020600 
Aultipher - 4 2 Log. Comp. Arith. —0.3768504 
—0.978glog4 
The Produtt 01050 Log. Comp. Arth. —0,02108g6 


CV. To 
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$ V. To multiply a Perfeit Logarithm, by a Defeftive Logarithm. 
Multiply 25 by 128. 


Maltiplicand 25, | . In 3979400 
Multiplier 1258 Log. Com. Arith. —0.9030890 
The Produit 9.125 Log. 0.4949510 
Multiply 25 by .o0125. 

Multiplicand 25. Log. i 1.3979400 
Multiplier .col2g Log. Com. Arith. —2.9030900 

| —1.5051500 
The Produft 03125 Log. 4943500 


CHAP. IV. 
DIVISION by LOGARIT HMS. 


N Diviſion there are the ſame variety of Caſes as in Multiplication; and therefore; 
[ before I proceed to Examples, I ſhall lay _ the Rules following. 
RULE I. 

In Diviſion by Logarithms, when the Dividend is greater than the Diviſor, the Logarithm 
of the Quotient is always a Perfett Logarithm; but if the Diviſor be the greater, then 
the Logarithm of the Grin is 4 Defefive Logarithm. 

For (in Diviſion) after the Logarithm of the Quotient is diſcovered, there may yet 
remain ſome doubt, whether that Logarithm be a Perfe&t or Defeftive Logarithm -: 
Therefore I have here prefixed this Rule, to the end this difficulty may be removed ; 
for if you conſider the three. Terms given in every Diviſion, you fhall, there find this 
Proportion : | 

As the Diviſor is to the Dividend, 

So 1s 1 to the Quotient. 
according to the obſervation before made, in the fifth Seftion of the firſt Chapter 
hereof; I ſay therefore, when the Dividend (which is the ſecond Term) is greater 
than the Diviſor (which is the firſt Term,) the Quotient (which is the fourth Term) 
muſt needs be greater than 1, (which is the third Term) and therefore (in this Caſe) 
the Logarithm of the Quotient is always PerfeCt, 5. e. the Logarithm of a Whole, or 
of a Mixt Number : On the contrary, when the Dividend is lefs than the Diviſor, the 
Quotient is leſs than 1. And therefore, in this Caſe, the Logarithm of the Quorient 
Is always a DeſeCtive ; viz. the Logarithm of a Fraftion : This being premiſed, I 
ſhall proceed to Examples, obſerving this, | 

RULE II: 

When the Logarithms of the numbers given be both of one hind, ſubtrat the leſſer ont cf 

the greater ; the reſidue or remainder 1s the Logarithm of the Quotient. | 


$I. To divide a Whole Number by a Whole Number, or a Defeitive by a 


Defeitive. 

i. Divide 94325 by 3947. 
Dividend. 94325 Logarithm 4:9746268 
Diviſor. -$047—:.; Logarithm 3-5962671 
Quotient. 23.898 Logarithm 1.3783597 

Woe 2. Divide .3947 by .0753- 
Dividend $3947 Log. Com. Arith, —0.4037329 
Djuiſor .0573 Log. Com, Arith. ——1.24184z54 


Drotent 6.8883 Log. 0.8381135 
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In theſe two Examples you may obſerve that 1.3783597, and 0.8381135 the Loge. 
rithms of the two Ouotients, are both of them PerfeCt, becauſe the whole Numbers 
94325, being the Dividend in the firſt Example, 1s greater: than 3947 his Diviſor. 
And the FraCtion .3947, being likewiſe Dividend in the ſecond Example, is greater 
than the Fradtion .0573 the Diviſor ; according to the Rule before premiſed. 


> * 
1. Divide 3947 by 94325: 


Dividend 3947 Logarithm * 3.J962671k 

Diviſor 94325 Logarithm 4.97462 68 

b Quotient | 041845 Logarithm —1.3783597 

A 2. Divide .c573 by .3947- 

Dividend .0573 * Log. Com. Artth. —1.241 $454 

| Divifor $3917 Log. Com. Arith. —0O 4037329 

_ | . —0.8 3 $112 $ 
Quotient 14517 Log. , 16158875 


In theſe two Examples the Dividends being keſs than the Diviſors, both the Loga- 
rithms found for the Quotients are DefeCtive. 

For here —1-3783597, being the Logarithm found in the firſt Example, is (is by 
the ſeventh Seftion of Chap. 2.) the Logarithm of a Decimal .041845, and 0.8381125 
being the Logarithm found in the ſecond Example, is (by the ſame ſeventh SeCtion,) the 
Logarithm of the Decimal .14517. 


S IL. To divide a perfeit Logarithm by a Defefive, and the contrary. 


RULE III. 
When the Logarithms of the numbers given are of divers kinds, add them together ;, their 
Summ 1s the Logarithm of the Quotient. 

Example. 3947 being given to be divided by .14517, the Quotient is 27188; for 
the Logarithm of 3947 is 3.596267, and the Logarithm of .14517 is 0.838112 : Theſe 
* Logarithms being added together their Samm is 4.434379 3 which being a Perfect 
Logarithm (by the 7th SeCtion before cited,) is the Logarithm of 25188, the Quoti- 
ent required. Bur if .14517 were propounded to be divided by 3947, the Quotient 

would be found to be .000036781, by the Rule above. Example. : 


1 Divide 3947, by .14517. 


Dividend 3947 Log. 3.596267 
Diviſor 14517 Log. Com. Arith. —8.83811 2. 
Quortent 27183 Log. 4-4343 79 
2, Divide .14517 by 3947. 
Dividend 14517 Log. Com. Aruth. —o.838112 
Diviſor 3947- . Log. 3.596267 
Quotient .00003678! Log. 4-434379 


In like manner 6.3833 being given to be divided by .3947, the Quotient will be 
17.452; for the Logaricthm of 6.8883 (by the 6th Section of Cbap. 1.) is 0.838112, 
and the Logarithm of .3947 is — 0.403733 ;z theſe Logarithms being added together, 
their Summ is —1.241345, which is the Logarithm of 17.452 for the Quotient 
ſlaught. . But if .3947 had been to be divided by 6.8883, the Quotient would be 


+0573. 
See theſe twp Examples. 

Dividend. 6.8883 Log. 0.838112 
Diwviſor $3947 Log. Com. Arith. —0.403732 
Quotient 17.452 Log. 1.236845 

Dividend +3945 Log. Com. Arith, —— KOY$ 
 Diviſor 6.8883 Log. 0.838 ; : . 
DH 1.2 4 1 845 
_ Quotzent Sdn; 


| have inſiſted the longer upon Multiplication and Diviſion (as being nec 
eſſary to he 
well underſtood,) becauſe I intend more brevity in the Rules Dilowing. aud 


CHAP 
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CHAP. V. 


EXTRACTION of ROOTS by 
LOGARITHMS. © 


$I. A Number being given to find the Square Root thereof. 


| The RULE: | 
Seek the Logarithm of the Number given, half that Logaruhm is the ' Logarithm of the 
Square Root of that given Number. 403 6) "i 

Example 1. Ler 56644 be 4 Number given, whoſe Square Root is required. 
The Number given 56644 —<—— Logatithm=——4,,753t539 
The half thereof oy ohne eee 2.3765769 

Which is the Logarithm of 238, and that is the Square Root of 56644. 

Example 2. Let 12572 be given, and the Square Root thereof be required. 
The Lcgatichm of 12572 1s - —— — — .yg4o44 
The half thereof is ——_— _ 2.0497022 
Which is the Logarithm of 112.12, the Square Root ſought. 


$ II. 4 Square Root being given, to find the Square Number belowging 
| to. that Root. | 


The RULE. | | 
Find the Logarithm of the Root given, which Logarichm multiply by 2, the Produfs foal 
be the Logarithm of the Square Number required: | 
Example : Ler 238 be a Square Root given, and let the Square Number thereof be re- 

quired, | 


The Logarithm of 238, is— ——— 1 
| ; 2 
Which multiplied by 2 produceth ———————_— — 4-7531540 


{ Which is the Logarithm of 56644 the Square Number, of which 238 is the Root. 


S IIl. 4 Number being given to find the Cube Root thereof. 


The RULE. 
Seek the Logarithm of the given Number, one third part thereof 1s the Logarithm of the 
Cube Root of that Number. 
Example 1. Ler 97336 be a Number given , and let the Cube Root thereof be re- 
wird, 
he Logarithm of 97336, is — — — 4.988407 3 
One third part of which is —— —— _ — 628024 
Which is the Logarithm of 465, and that is the Cube Root of 97336. | 
Example 2. Let 79304 be a Number given, and let the Cube Root thereof be required. 
The Logarithm of 79304, is = —_ —— — 4.8992951 
One third part thereof is ——— 1.6330983 
Which is the Logarithm of 42.963, and that its the Cube Root of the given Num- 


ber 79304. 


SIV. A Cabe Root being given, to find the Cube Number thereunto belonging. 


The RULE. 
Seek the Logarithm of the Root given, which being multiplied by 3, will produce the Loga= 
rithm of the Cube Number ſought. 
Example : Let 46 be given, and let the Cube Root thereof be required. 
The Logarithm of 46 is — — —— —— 66.0.4 . 
gn. | —— 
Which is the Logarithm of 97336, and that is the Cube Number of which 46 1s 
the Root. | SV. The 
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SV. 4 quick and eafie way to extrait any Root, out of the higheſt Powers and 
wvaſteſt Numbers, by the help of Logarithms. 


That the faculty of extraCting all ſorts of Roots, is neceſſary to an Alzebriſt ; and 
that no method for extraction is ſo eaſie as that by Logarithms are Truths, as | take 
it, beyond al) poſſibility of denial. | : 

The only thing that allays their Excellency is,that the largeſt Cammons extant, profeſs 
not by any ſeckings,to give us the Logarithm of any Number to above 40 Millions. And 
this proviſion is {> ſcanty, that without ſoine farther invention, it will not furniſh us 
with Logarithms for the Cube of 343 : The Sur-ſolid of 34, the ſecond Sur-ſolid of 
13, Or the third Sur-ſolid of 5; and I know no other that hath made it his buſineſs to 
aſlifſt us in this ſtrait. But, by the help of the Rule following, any Root may be ex- 
tracted, though the Number given exceed 40 Thouſand Millions, of Millions, of Milli- 
ons, 40 Thouſand times taken : For this Number 49522366482869645213696, is much 
larger than ſo; yer by this Rule, any Root demanded may be truly and ſpeedily ex- 
trated out of it. 

| The RULE. 

Seck the Logarithm of ſeven, or (if poſſible,) eight of the leading figures of the N unber 
given, and prefix to that Logarithm an Indices or CharaCteriſtick, anſwerable to the 
Number of Places, in the whole given Number ; (that is, one Unite leſs than the Num- 
ber of its Places,) that Logarithm being divided by the Index, or Exponent of the 
Power, whoſe Root you ſeck,, will give you the Logarithm of the Root ſought. 

| Example: I deſired the Root of the ninth Power, (called ordinarily the Gubed Cube, 
though others call it otherways ; I find the Logarithm' of the ſeven leading Figures, 
4722366 to be 67415963, and the Index to be prefixed 21, (becauſe the whole Num- 
ber conſiſts of 22 Places.) This intire Logarithm (Index and all) being divided by 9, 
ou Index or Exponant of the Cubed Cube,) the Quoticnt will be 2.49823995 : The 
garithm of 256, as here (by the work) is ſeen. 


F 


The ſeven leading 
Figures 
f I Sat I 
1.67415963 (2.40823995- 


The Power 9 ) 


| 
| 
: 
' 
: 
£ 


The Proof 21.6741596 3=Given Number. 


Now if any liſt to try it by Multiplication, he will find that 256 Cubifed, makes 


16777216;- and that again Cubified , produceth t TL 
472236648286964521 _— my 0 he firſt great Number ; viz. 


But if you would find the Square Root out of this vaſt Number, you cannot go to 
it immediately, for the Logarithm 21.67415963 being halfed, gives 10.8 all at 
| or 


as #5 A _ _ 11>. Tg Re. 
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for the Logarithm of the Square Root : And this having 10 for its [/ndex, ſhews that the 
Number to Which it an{wereth, muſt needs confilt of 11 Places, which no Canon of Lo- 

arithms can come near. Burt this ſeeming difficulty is ſoon removed ; for, if you ſeek 
the Root of any higher Power compounded of ſuch Power, as in this caſe, the ſquared 
Square, the Squared Cube, or Squaredly Squared Square ; the Root primilary intended, 
is by Aſu!tiplication ſoon produced. FR bY; 

As for Example; if you divide the Logarithm 21.67415963 by 4, the Index 
of the Squared Square, it gives 5.4185399y0 the Logarithm of 262144; and 
that being the Squared Square's Root, (or the Square Root of #he Square Roor,) 
I Square, or mulriply it by it ſelf, and it gives 6 8719476736, the. Square Root of 
47223664828696456213696 ; or it the ſaid Logarithm 21.67415963, had been divi- 
ded by 6, (the, /naex of the Squared Cube,) the Quotient would have been 3.61235993, 
the Logarithm of 4096; and that multiplied Cubically (becauſe the Squared Cube 
Root is but the Cubick Root of the Square Root, it will give us again 68719476736 
for the Square Root, as before. And by this kind of working you will find as fol- 


loweth: | 
Square T #C-289456762 128097. 26898176 


The Cube | | 96643832 | | 213. 00458 
Roor 4 O-folid vofy 847288609443 Fis9g 243 

| 2 Sur-folid- 45386471424 | | 24 

7 Sur-ſolid z qy 8388608 + 40 


I would have done theſe at large, but for _— up too much room. One doubt how- 
ever, I thought good toclear. Some may be unſatisfied how the Logarithm having 2 1 
for its Index, and yet taking in only 7 of the leading figures, could be any thing com- 
menſurate to the whole Number of 22 Places. But: the truth is, that the 15 figures 
left out, do. not bear ſo great a Proportion to the ſeven taken in, (conſidering their 
Places) as a ſingle farthing to ro000 Pounds ; which to any fmatterer in the Mathe- 
maticks is thus demonſtrated. ; 

1. If a ſeparating Line (or Point,) were made after the ſeven leading figures, ma- 
king the Unites Place at thc ſecond 6, and turning all the fifceen following into Deci- 
mal Fraftions, there would be the fame Proportion between the ſeven leaders, and 
followers that now there is: As in theſe two Numbers 35 and 3.5, the 5 primes in 
the latter bear the ſame Proportion to 3, that 5 in the former bears to 30, viz. 
both a fixth part. 

2, It is evident, that if a Separatrix were placed thus 4722366.482869645213696 z 
and the number 4722366 coufited Pounds, all the Frattions will ſcarce reach 9 Shilings, 
8 Pence, or 464 Farthings. h | 

3, If you divide 4722366 by 464, the Quotient will give you for every Farthing in 
the Fraſtions 10197 Pounds, 10 Shillings, 3 Pence in the Integers : So that if all theſe 
fifteen figures had been changed into Cyphers, (or other figures at Pleaſure,) due Places 
and Index being obſerved ; there would have been no obſervable difference. And for 


this Particular lct this ſuffice. 


pe er IIS 


CHAP. VI. 
PROPORTIONS wrought by LOGARIT HMS. 


SL Three Numbers being given to find a Fourth, in a dire Proportion to them. 


ET the Three Numbers given be 24, 12, and 864 : Then, as 24 is to 12; ſois 
864 to 432 ; to find which by the Logarithms this is the RULE: 

Add the Logarithms of the ſecond and third Terms together, and from the Summ of them 

ſubtraft the Logarithm of the firſt Term, the Remainder ſhall be the Logarithm of the 
fourth Term ſought. WO 

As 24 the Firſt Term —— —-—Logarthm——1.3802112 

Is to 12 the Second Term —£0—2'— ——Logarithm ——1.079181 2 

So is 864 the Third Term ——-——— —— Logarithm 2.9365137 

The Summ4.o156949 


To 432 the fourth Proportional ſought——Logarithm——2.6 354837 
Z Note, 


_—_— 


gm_ 
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| e it i obſerved, that the Rule here delivered for finding a fourth 
gy meet _ holds only true, when the Logarithms of the Numbers . 
given, are all PerfeCt, or - Defetive : For when ſome be Perfect, and fome De. 

&i jon will vary. 

And this _  aomeny by hat hath been already delivered in the ſeveral Ca- 
ſes, in Multiplication and Diviſion by Logarithms in the two Preceding Chapters ; 
and this Conſideration likewiſe ought to be had in all the following Rules wrought by 
Logarithms. This | thought good to intimate 1n this Place, becauſe I take no farther 
notice of it in the Problems following. Only take two or three Examples more 
of this kind ; for the work of this Chaprer 1s to perform that which is done by that 


Rule which is commonly called 
The Golden RULE. 


Example 1. If 7 yards of Cloth coft 6.5 Pounds, what ſhall 30 yards coſt ? 


As 7 Yards ——- —— 0.84 50980 
Is to 6.5 Pounds ——— —— —Logarith— .812913 3 
So is 3O Yards c— - —— Logarithm I.4771212 
> 2 / 9009 3 4 5 


To 278.571 Pounds, 5. e. 278 45. 115, 5d, Iq.——=——2.4449365 

This is the general and moſt conſentaneons way of working this Rule of Proporti- 

on. becauſe it uſeth Addition inſtead of Multiplication,and Divifion inſtead of SubtraQi. 

on : But the wagk may yet be ſomewhat Abbreviated, and performed by Addition only, 
obſerving this RULE - fs 

If - ray of the Logarithm of the firſt Term (which is ro be ſubtratted) you take its. 

omplement Arithmetical , and add it to the Lo arithms of the two oher Terms X 

the Total (cuttirg off the firſt figure to the left hand) ſhall be the Logarithm of the 

fourth Proportional Term ſought, 


As in the former Example. 
As 7 Yards — —_— 9.1549020 
Is to 6.5 Pounds, —— -——Log. Com. Arith. —-1.8129!1 33 
So is 30 Yards —— —_ —_ 1.4771213 
To 278.591 — — — 22,4449365 


Which reduced, is 27845. 11s. 5d. 


Likewiſe, if two or more Logarithms be to be ſubtrafted, you may add the Cont- 
plements 'Arithmetical of every of them; deduCting from the whole Summ fo many U- 


'Nites as there were Complements added. 


Take two or three Examples more of this Rule. ] 
As 5.25 is to 13.5; ſois $85.75 to 212.8 fere. 


As 525 — =>—— --— —Log. Com. Arith—7.2798407 
Is to 13.5 —— 2.1303337 
SO IS 82.7 Fo ——— - —————L og. 3.9177680 
To 212.8 fere. ——— Log. Summ x3.3278424 
Again, | 
As 24 isto is to 3, So is 228 to 28.5. 

As 24 - Log. Com. Arith—838.6 1997888 
Is 10 3———— -— -——Log. 0.4771212 

SO IS 228 Log. 2.3579348 
To68.5 — Log. Summ x1.4548448 


S Il. Flaving three Numbers given to find a fourth in an Inverſe or Reciprocal 
Proportion to them. 


This is to work the reverſe or backward Rule of Th he ; 
form it, this is the RULE: Tn TR ree by Logarithms, and to per | 


Aaa the Logarithms of the firſt and ſecond Terms together, and from the Summ of them 


ſubrratt the Logarithm of the third Term ;, the Remai | | 
the fourclh Term. Or, f the third Term; rhe Remainder ſhall be the Logarithm 0 


Add the Complement Arithmetical of the third Term, to the Looarithms of 11, 
| th d fe- 
cond, and the Summ ſhall be the Logarithm of Fg fourth —_— , f the firſt and ſe 


Example 
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Example. 
how rs Dayes will 133 Menbea building of the ſame Wall. 


As 375 Men — —.--.., 0,13 
Are to 72 Days — 0s Log. 1.8 EISSN 
The Summ 4-43136383 

Log.——2.1238516 
2.307512 4 


— ©_—_—_—  ————— cu - ———— 


So are 133 Men 
To 203 Dag _——— —— Log, 

| ſo many Days will i33 Men be a building of the. like Wall. Fe 
_ if ad of the Logarithm of 133, you take the Complement Arithmerical, the 


work will ſtand thus : 


As 375 Men —_ — 
To 72 Days — = — Log. 1.8573325 
So are 133 Men —— — ———— 0g, Com. Arith—7.87614 84 
To 203 Day ——— —_— _—_— 0... 
$ Ill. 71aving three Nambers given, to find a fourth in a duplicate Proportion 
to them. 


This Ritle is to find a Proportion between Superficies and Super ficies of the ſame 


kind, as the two former were between Lines and Lines: And to work this by Loga- 


- fithms, this is the RULE: ; | | 
Double the Difference of the Lagarithms,which belong to the two Terms that have the ſame 


Denomination ; then (if the firſt Term be leſſer than the ſecond) add that Difference 
(being doubled) to the Logaruhm of the other Term, that Samm ſhall be the Log a- 


richm of the fourth Term ſought. | "M0 
Thus the Superficial content of a Circle, whoſe Diametre is 14 Inches, being 154 


vare Inches; the content of another Circle, whoſe Diametre is 28 Inches, will be 
foard to be 616 Square Inches. 


- The Diametre 14 mon CC Is rr Log. —1.1461280 
The Diametre 28 ——<—— —— ——— Lvg.-—1.4471589 
' Difference of the Logarithms wk pena = — . 3010300 
Difference doubled to be added —— ——— — 0.60 


The Content given 154 = — — ——Log.—2.187.90 07 
The Content required 616 —— — mm—um—_—e Log, 2.7895607 


But if the firſt Term. be greater. than the ſecond, ſubrratt the Difference doubled, from 
the Logarthm of the other Term, and the Remainder will be the Logarithm of the 


fourth Term ſought. 


| Example. | 
The Diamette 28—---— ——— —>— —_—_—L0,.447580 
The Diametre 14 —_ —- —_ — Log. —1.1461i280 
Difference— __ Go — -39010300 
Difference donhled, ro be ſubtracted —— ———— — .-6020600 
The Content given, 616- - -- = mm —Log. —2 .7.895607 
The Content required, 154 _— — —Log.-—--2.1875007 
SIV. Three Numbers being given, to find a fourth in a triplicated Proportion 
_ _ to them, 


This Rule is to find a Proportion between like Solids, as the preceding was be- 
tween like Superficies, and to work this by Logarithms, this is the XU LE: 


Triple the Difference of the I ogarithms of the two Terms that hate the ſame Denominati- 


on: Then (if the firſt Term be leſſer than the ſecond) add that Difference ( tripled ) 
to the Logarithm of the other Term; ſo ſhall the Sunim be the Logarithm of the fourth 
Proportional required. | 
Example: If a Buller whoſe Diametre is 4 Inches do weigh 9 Pound, What 
ſhall another Bullee (of the ſame Mettle) weigh, whoſe Diametre is $ Inches? 


Z 3 Diametre 


Ler the Queſtion be, if 375 Men will build a Wall about a Town in 52 Days, 


Cursus MATHEMATICUS. Book I. 


—_— —— 


0.6020600 


Diametre 4 Inches — ——- 


Diametre 8 Inches > — ——L05 0.9030900 
The Difference ni er eee I IIS .3010300 
The Difference tripled to be added —————— =— .9030900 
Weight given 9 Pound O—_ en Os 0:95342425 
Weight required 72 Pound- —_—_ ———_ Ld. 1.8573325 


Bur if the firſt Term be greater than the ſecond, ſubrraft the Difference ( tripled) from 
che Logarithm of the other Term , ſo ſhall the Difference be the fourth Proportional 


ought . 
/ , Example 1. 


— —— Log. 0.90 30900 
_ n————L0,——0.6020600 


—  — 


Diametre 8—-———— 
Diametre q— —— 


The Difference rn mm nmn—_ — ————C. 00 
The Difference tripled ſubtracted DR 9030900 
Weight given 72 — ny ——— Log—1.857332 5 


Weight required 9 —— -— -——L oz 0:9542425 


S V. Between two Numbers given, to find a mean Proportional. 


A mean Proportional Number between two Numbers given, is ſuch a Number, 

which multiplied in it ſelf, the Square (.or Produ&t ) thereof ſhall be equal to 
the Reftangle (or Product) of the two given Numbers multiplied one by the other. 

And to find ſuch a Number by Logarithms, this is the RULE : ; | | 

Add the Logarithms of the two given Numbers together, and divide the Summ of them by 2, 

ſo ſhall you have the Logarithm of the mean Proportional required. | 
| ___— — Log.——o.9030900 
The Numbers given,y ,, ____ 5 ts. TY he fa 


Their Summ2., 4082 400 


The half Summ 16 the Mean Proportion | -—- Log.-—-1.2041200 
| | Example 2. | 

The Numbers given 4 4-+ GEE Log. 3.0102999 
| gLven, 124 ha - Log. 2.1072099 

| Their Summ 5.1175098 
The half Summ, the Logarithm of 362.05 ——— ———.5575z9 


S VI. Between two Numbers given, to find a Mean Proportional. 


The RULE. 

Add the Logarithms of the two given Numbers together, and take one third part thereof 
and add it to the Loparithm of rhe leaſt of the Numbers given; and that is the Loga- 
rithm of the leſſer Mean, Alſo to. this Logarithm add the ſame third part, and it 
ſhall give you the Logarithm of the other Mean Proportional required. | 


The Numbers given g on porn Rs —L0-——0-90 30900 

| S'Vel Gy ———— —— Log. 1.8061800 
Difference ———- - owns acne In wr O03 000 
A third part of the Difference to be added >—— — -.3010300 
The leſſer Mean Proportional 16 rn mmm mn 0g,——1.2041200 


The greater Mean Proportional 32 - ———-—Log.——1.5a51i500 


PEI 
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CHAP. VI. 
ANATOCIS M, or Compound Intereſt, by 
LOGARIT HMS. 


$I. 4 Summ of Meney being forborn for a certain time, to find how much it will 
be increaſed to at the expiration of that time, accounting Intereſt upon Inte- 
reſt, at any rate propounded. 


The RULE. 

Rom the Logarithm of 100 li. with the rate of Intereft propoſed, ſubtra# the Loga- 
F rithm of 100 li. then multiply the Difference by the Time propoſed, and 10 that-ſumm 
add rhe Logarithm of the Principal, and that ſumm ſhall be the Logaruthm of the In- 

creaſe (both Principal and Intereſt). in that Time. 
Example 1. If 2735 li. be forborn for 11 years, What will it be augmented unto in that 

Time, counting Intereſt upon Intereſt at 8 per Cent. per Annum for a year ? 

108 1;. The Principal and Intereſt of 10013. for a year, the Logarith. 2.0334237 


100i. The Logarithm————c_ m_ —— 2.0000000 
Difference of theſe two Logarithms, — — 334237 
11 Years, the Time given, —- ————— Crn——_—_ — In 
' The Produdt of the Difference being multiplied by the Time—— -—— .3676607 
The Logarithm of 2735 {5. the Principal, — ———RH 3 


The ſumm of theſe two Logarithms, — 3.8046180 


Which is the Logarithm of 6377.41 55. that is 63774. and 25. fere ; and ſo much 
will 2738 /z. be augmented unto, being forborn 11 years at 8 per Cert, 

Example 2. Jf $oli. t6s. be forborn for 75 years, Unto what Summ will it be increaſed, 
at $11. per Cent ? 


108 {;; .The Principal and Intereſt of 100 /;. for a year, 2.0334237 
100 4i, the Logarithm - _ ———— 0000 
The Difference, ———— — —_ — 3434237 
7 Years, the given Time, _ ma 7 
The Product of the Difference multiplied by the Time, . — .2339659 
501i. 16s, ( or 50. 8h.) the Logarithm of the Principal, —— 1.7058637 
The Logarithm of 87.061 —————_— _ — ne SS 398296 


'Which is 876. 15. 24. 39. fere; and 'to ſo much yill 504. 165. be increaſed, 
being. forborn 7 years. 5 S | 


FIL '.4 Summ of Money becoming due at a certain time to come, to find what it 
is worth in preſent Money. 


The RULE. 


our of the ——_ of the Principal, and the Remainder will be the Loghrithm of 
| the preſent Money. | 


1084. The Principal and Intereſt of 100 /;. for a year, ———— 2.0334237 
100 45. its Logarithm , —— — ——— 
The Difference, ———————————— ———— 334237 
7 Yeats the Time given, — ———— - nranns OE, 
ProduCt of the Difference multi plied by the Time, =——=——_ +23396 59 
The Money due 7 years hence, 87.061, —————— 1.93982 96 
The Dif. the Logarithm of 50.8 /j,————— 1.7058637 


- 50 that 50.815. (or 501i, 16 5.) preſent Money will diſcharge a Debt of $5 6. 1 5. 
2 4. 39. due 7 years hence. | 
$1L 4 


A. 
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$ II. A Principal Summ of Money, and the Summ of the Principal and Intereſt 
6hterk. Þ with the Time, being given, to find the Rate of Intereſt. 


The RULE. te MR te Lori 
From the Logarithm of the Principal and Intereſt together ſubtratt the Logarithm of the 
Principal, bud th their Difference by the Time ;, then add that Quotient to the Ly. 
garithm of 100; ſo ſhall that ſumm be the Logarithm of 100 li. and the Intereſt of 


100 li. for a year. Frcs 5 SP 
Example. A puts into the hands of B 230. with condition to receive im lien thereof 


$50li. at the expiration of 21 years, and in the interim to recesve no Imtereit, the Que- 
ſtion is, Ar what rate of Intereſt do:h B hold this Money of A ? 


85015. Principal and Intereſt, —— —— Log. 2.929418g 
2301j. The Principal only, ——— ——————L—— 2.5617278 
Their Difference, — ger g $676911 
W hich divided by 21, the Time, the Quotient is — — 270329 

— — 000000 


100i, The Logarichm, added, — | 2.00 
The ſumm is the Logarithm of 106.42 /:. _— —— 2,0270329 

Which is 106 {z, $5. 0d. 2 4. ſo that B did hold this 230 {s. of Afor 21 years, at 
the rate of 61j. 8s. 04. 24. per Cent. Compound latereſt. 


SIV. An Annuity or yearly Rent being forborn a certain number of years, to find 
what the Arrearages thereof will amount unto , according to any Rate pro 
pounded. | | 


pet. The RULE. | 
Diſcover the Principal that anſwers to the Rent or Annuity in Queſtion ; then find ant? 
what Summ that Principal will be augmented, (according ro the giveu Rate,) at the 
end of the Term propounded ; this done, ſubtratt the ſame Principal out of the Summ, 
and the Remainder 1s the Summ of the Arrearages. 

Example : 4 Rent or Aunuity of 121i. a year, being forborn 16 year ; what will the 
Arearages thereof amount uno, they being conceived to increſe (as they grow die,) after the 
Rate of 8 per Cent. | > 

Firſt, To find the Principal that anſwers to 12 /5. ſay thus, by the Rule of Pro- 

-Portion : 
As 81i. Is to 100 hb. | 
| So is 12 li..To 150 lr. 
Which 15045. is the reſpeCtive Principat of 724. + 

Secondly, ( By the firſt SeCtion hereof ) you may find that 150 45: being forborn 
16 years, will amount unto 5 13.89 {;. that is 513168. 175. 9d. therefore deduCt 150, (the 
correſpondent Principal of the Annuity given, ) out of this 513 5. 17s. 94. the Re- 
mainder will be 36345. 17 5.'9 4. and that is the ſummoof the Arrearages required. 


CV. A Tearly Rent or Annuity being propounded, to find what it is worth in 
you”; Money. 


The-RULE.; ; | | 
You must furſt find what the Arrearages thereof will. amount wunto at the end of the-term 
propounded, and then what thoſe Arrearages are worth in preſent Money, which ſhall 
likewiſe be the required Price or Value of the Rent or. Annunty. propounded. Q 
Example 1. What may a Man adventure to give for a.beaſe of 121i. per Annum,' that 
bath yet 16 years in being, and have $1i. per Cent. for his Money? © | 
You may find (by the laſt Seftion) that the Arrearages of 12 lj. per Amum being for- 
born 16 years, will amount unto 363 /i. 17 5. 9d. and you may find likewiſe ( by the 
ſecond Se2tion hereof) that the ſame ſumm, 36346. 17 5..94. is worth in preſeot Mc- 
ney 106 li. 45. 24. wherefore you may conclude, that the valne of the Leaſe propoun- 
ded ( at the rate of 8 /i, per Cent.) is worth 106 li. 4s. 2 d. 'S ; 
When the Term of the Annuity begins not preſemly, but afrer certain years to come, find 
what the Arrearages forborn for all the Time are worth in preſent Money. 2 
Example 2. Thus in the Example laſt propoſed; If the Annujty of 16 years were nor to 
begin till after the expiration of 5 years. ©" © / 
In 
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In this Caſe you are to enquire what the Arrearages (viz. 3634, 17.5. 94.) being 
forborn 2.1 years, are worth.in preſent Money, which you ſhall find (by $ 2. hereof ) to 
be 721i. 55. 94. and that will be the value of the Annuity required. 


$YL A Summ of Moaey being propounded to find what Amnuity ( to continue any 
Number of Tears, and according to any Rate of Intereſt gruen,) that Summ of 


Money will buy. 


| | The RULE. | 
Take an Annuity at pleaſure, and find the vaine of. that Annuity in preſent Money ; which 
done, work, by the Rule of Proportion, as followeth, v1z. 
As the Value found, DEA 
Is to the Annutty taken, 
So 1s the Summ groen, | 
To the Annuity required. | 
Example : What Annuity (to continue 16 yeats) will 1205 Ii. deſerve, ſo that the Pur- 
chaſer may have 8 li. per Cent. for his Money laid out. | 
Firſt, (at adventure) take 12 {#. per Anni to continue 16 years, and you will find 
the value thereof in preſent Money (by the fifth Section of this Chapter ) to be 106 /. 
45, 2d. or 106.21 ; then ſay, - + - | 
If 106.21 {s. WE | 
Will purchaſe 12/4. per Anmm for 16 years, 
What will 1205 /s. purchaſe for the like time ? 
The Anſwer will be 171.39 6. : _—_— 
Which reduced is 171 /5, 7 5. 94. ſo-that £205 5. will parchaſe an Annvity of 171 /3. 
75. 9. per Annum for 16 years, after the Rate of 813. per Cent: per Amum, Intereſt 2 


upon. Intereſt. 
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MILITARY ORDERS by ; 
LOGARITHMS. 


$I. Any Number of Souldiers being given, to find what Number of Men muſt be 
| placed in Rank and File, to make of theſe Souldiers a Square Battail, that is, 
to have an equal Number both in Rank and File. 


| The RU LE. 
Alf the Logarithm of the number of Souldiers given, will be the Logarithm of the 
number of Men that muſt be placed both in Rank and File, to make a ſquare 
Batt ail. | 
Example : Let there be 533 Souldiers to be diſpoſed of in a ſquare Battail, How many 
muſt be placed in Rank, and File ? | 
The Loghrithm of 533 is — — - — 2.7267272 
The half whereof is ſh to — "IS 036 
Which is the Logarithm of 23 neareſt ; and ſo many muſt be placed in Rank, and as 
many in File, to make a ſquare Batrail, which will- conſiſt but of 529 Men, which is 
leſs than the given Number by 4 Men, which may be diſpoſed of for Scouts, Centinels, 
Pioneers, or other Offices ; for in Military Aﬀairs Frattions are not to be regarded. 


a 


SI. Any Number of Souldiers being propounded, to order them into a double 
Battail of Men, which may have twice as many in Rank as in File. 


The RULE. | 
Take half the Logarithm of half the number of Souldiers given; the Number anſwering - 
10 that Logarithm ſhall be the Number of Sonldiers in File, and that number doubled, ; 
will be the number to be in Rank. : 
Example: Jf 1342 Sonldjers were thus to be diſpoſed of, How many muſt there be in File, 
and how many in Rank ? | 
Half 


168 


Cursus MaTHEmMaATICUS. Book 1. 


Half the number of Souldiers given is 67 1, whoſe Logarithm 1s 28267225 
The balf whereof I1—— -—— — . 1.4133612 
Which is the Logarithm of (neareſt) 26; and ſo many muſt be placed in File, and 
52 in Front; for 52 multiplied by 26, produceth 1352, which is 10 more than the 
Number given, and thoſe mult be ſupplied, Or elſe if you place but-25 in File, and 
50 in Rank; then there will be an overplus of 92 Men, which mult be diſpoſed of as 


before. 


$ III. Any Number of Souldiers given,' to order them into a Quadruple Battail, 
that ſhall have four times as many in Rank as in File. 


| The RULE. 

Half the Logarithm of one quarter of the nnmber of Souldiers given, ſhall be the Loga- 
ruhm of the number of Souldiers which ſhall be in File, and that number multiplied by 4, 
ſhall be the number in Rank, TRI 

Example: Lect 2048 Souldjers be given to be thus diſpoſed of , How many muſt be placed 

in File, and how many 1m Sant? v7 | 
One quarter of 2048 is 512, whoſe Logarithm is 2.7092699 
The half Logarithm is — ved m— —— 4,9 

Which is the Logarithm of (neareſt) 22, and ſo many Souldiers muſt be in File 
and four times as many, which is 83, mult be in Rank; for 83 multiplied by 22, the 
Product is 1936, which wants, of the nuniber given 112 Men, which muſt otherwiſe he 
diſpoſcd of. C | 


| IIrnenomgntn en | 


$IV. Any number of Souldiers being given, to make Three ſquare Battails of them, 
that each Battail ſhall have a like number of Men in Rank and File. 


The RULE. 


Half the Logarithm of one third part of the given number of Souldiers ſhall be the Loga- 
rithm of the number of Souldjers which muſt be in Rank and File. 


Example : Let 768 Soulajers be thus to be diſpoſed of ; How many muſt be in Rank and 


_ Flle? 


' Half thereof is 


Which is the Logarithm of 32; and ſo many Men muſt be placed in File. 


The third part of 768 is. 256, whoſe Logarithm is — —— 24082400 
, py een 1.2041200 
Which is the Logarithnv of 16, and ſo many muſt be both in Rank and F ile in each 
Battail; for 16 multiplied by 16 produceth 256, and ſo many Souldiers will there he 
in each Battail ; and three times 256 is 768, equal to the number of Souldiers given. 


— 


$V. Any number of Souldiers being given, how to order them in Rank and File, 
according to the Reaſon of any two given Numbers. 


The RULE. 

To the Logarithm of the given number of Souldiers add the Logarithm of the proportional 
Number given for the Rank; then, if ont of their Argregate you ſubtratt the Loga- 
rithm of the proportional Number given for the File, balf the Remainder is the Logarithm 
of the Number of Men to be placed in Razk ;, which Logarithm being ſubtrafted ont of 
the Logarithm of the whgle Number of Souldiers, the Remainder will be the Logarithm 
of the Number of Souldiers to be placed in File, Os 

Example: Ler 2500 Souldiers be given to be thus ordered, ſo that the Number of Men 


- placed in File may bear ſuch proportion to thoſe in Rank, as 5 bears to 12. 


Firſt, Say by the Rule of Proportion, 
As 5 (for the Rank,) 
Is to 12 {for the File,) 
. So is 2500 (the whole Number of Souldiers given,) 
To 6000, whoſe Square Root is 77, (nearcſt,) for the number in Rank, 
See the Work. | 
The Summ of the Logarithms of 2509 the number of -Souldiers. and: 
12 the porportional numb. in File, (viz. 3.3979400 and 1.0791812,)is & ALT 00S 
0.698979, Log. of 5, the proportional number in Rank ſubtracted reſts--3.7781512 
The half of which is the Logarithm of 77, the number to be in Rank. 
And this Log, ſubtracted from the Log. of 2500, there remaing —— t.5088644 


$ VI. Any 


4 
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'$VI. Any Number of Souldiers being given, together with their Diſtance in Rank 
and File, how to order thoſe Souldiers into a ſquare Battail of Ground. 


The RULE. ; 
Add the Logarithm of the Diſtance in Rank, to the Logarithm of the Number of Souldiers, 
and from their Summ ſubtraft the Logarithm of their Diſt ance in File; half that Re- 
mainder 1s the Logaruhm of the Number of Men to be placed in File : And this Loga- 
rithm ſubrratted out of the Logarithm of the whole Number of Souldiers, the Remainder 
Thall be the Z 1garithm of the Number to be placed in Rank. | 
Example : 2500 Men are ro be ſo marſballed into a ſquare Battail of Ground, ſo that 
their Diſtance in File may be 7 Foot, and in Rank 3 Foot, and the Ground they ſtand upon 
may be juſt ſquare. ot 
The Proportion will be, 
As 7 (the Diſtance in File,) 
Is to 3 (the Diſtance in Rank,) 
So is 2500 (the whole Number of Souldiers,) 
To 1071, whoſe Square Root (nearelt) is 32; the Number of Mzn to 
| be placed in File. Ps 
Now if from the Logarithm of 2500, you ſubtra@t the Logarichm of the Number of 
Men in File, the Remainder ſhall. be che Loparicthm of the Men in Rank, namely 76 


- (neareſt. | | 
| See the Work. 
The Logarithm of 2500, the whole Number of Men, is—— —3.397 9400 
The Logarithm of the Diſtance in Rank 3 Foot, i———— —=04771214 
Which added together, their ſumm is — — — 3.8750612 
From which ſubtract the Logarithm of 7 Foot, the Diſtance in File—— 0.84 50980 
The Remainder 1s rm — yyoqyqgyq632 
Half this Logarithm 16 = ——— — — —1.5149816 


Which is the Logarithm of 32, (neareſt,) for the Number of Men in File. 
Again, the ſame Logarithm of 32, - _ 1.5149816 
Subtrafted from the Logarithm of 2500, there will remain, ——— —1.882958 4 
Which is the Logarithm of 76, (neareſt ;) and fo many Men muſt be placed in Rank. 


Note, This Order is termed a Square Battail, as well as that in the firſt Section of 
this Chapter, and yet there is much difference between them ; for in a Square Battail 
of Min the Number of Rank and File are equal, although the Ground whereon they 
ſtand be not juſt ſquare: On the contrary, Io a ſquare Battail of Ground ir is neceſla- 
ry that the Place whereon they ſtand ſhould be juſt Square, although the Number of 
men in Rank be not equal to thoſe in File; and therefore the French ( as well as we) 
do cal! that Order, Bataillon quarre dhommes, a {quare Battail of Men ; and this Order 
they call Batajllon quarre de Terrain, a ſquare Batrajl of Ground. 


$VIlL. Any Number of Souldiers being propeſed , together with the Diſtance in 
Rank and File, to order them in Rank and File, according to the Reaſon of any 
two Numbers given. " Ono "on 's 


| | "Ie The RULE. | | i 
Add the Logarithm,af. the whale Number of : Souldiers and the Logarithms of the propor- 
tional Numbers in Rank, and File together ;, from that Summ ſubtratt the Logarithmn of 
the diſtance in Rank, 41d of the proportional Number given for the File ; this done, 
balf that Remainder ſliall be the Number of Men to be placed in Rank: Winch Log«- 
rithm being ſubtrafted qut of. the Logarithm of the whole Number of Souldiers, that Re- 
mainder ſhall be the Number of Men to be placgdMn Fule. : 
Example: There are 12450 Souldjers fo 10: be-ordered, that the Diſtance tn File may be 
7 Foot, and the Diſtance in Rank, 3 Foot ;, ſo.that rhe length of the Ground for the Rank, may 
vear the ſame proportion to the length of the Ground for the File that 12 bears 10 5. 


«: gee thee Work: | 
12750, (the Number of Souldiers) —— —————-Log. 41055102 
12, (the proportional Number for Rack) —— —— ——— — Log. 1.9791 $13 
7, (the Diſtance in. File,) toning rm crrandenln lemme Log. 0.8 45 0980 


Ag = 3, (Ibe. 


——_— 
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eden —LoZ-.0.4771212 
MM Log. 0.6989700 


— ———— en 


3, (the diſtance in Rank,) 
5, (the Proportional Number for Rank,) 


The Samm of theſe two, to be ſubtratted from the Summ of the 


1.I 760912 
other three  — — — i agen , 
The Remainder ijg——— ———_—— — TG 5 +1 982 
The half whereof — —- — — ——. 4.69 


Which is the Logarithm of 276, the Number of Men to be placed in Rank. 

Add the ankle | oparithm of 276 being ſubtrated from the Logarichm of the 
whole Number of Souldiers, there will remain 16786611, which is the Logarithmh of 
47. And ſo many Souldiers muſt be placed in File. | 


CHAP. IX. 


Of LOGISTICAL ARITHMETICK; 


SHE WING | 
The Deſcription , Conſtruftion, and Uſe of the Table of Logi- 
flical Logarithms, in Maltiplication, Diviſion, and the Rule 
of Proportion, in Aſtronomical Frattions, Sexagenary. 


HE Table of Logiſtical Logarithms, which I now come to ſhew the Deſcription, 

ConſtruCftion, and Uſe of, 1s placed at the end of the Book, next after the ten 
Chiliads of Logarithms; and is of excellent Uſe, in finding of the part Proportional 
in Aſtronomical Tables Sexagenary, as ſhall appear hereafter. 


S I. 4 Deſcription of the TABLE 


The Tabie conſiſteth of 12 Pages, and in each Page are 13 Columns; at the head of 


each Page, you have (in every ſecond Column) all Numbers from 1 to 60; (the 


Number of Minutes of Motion in one Degree, in large figures, and under them you 
have the Number of Seconds which are contained in ſo many Minutes as are over that 
Column : As, in the fourth Column of the firit Page of the Table,under Motion 1, you 
have 60; and ſo many ſeconds are in one Minute : »Alſo at the Head of the 12th 
Column of the firſt Page: of the Table, you have Motion 5, and under it 300 ; which 
are the Number of Seconds in 5 Minutes. ; 


Ll p 660 | 
And ſo under 36 6 Minntes you haye ; 2160 Seconds, and ſo of any other. 
Fl 4 3060 | 


Then in the firſt Column of each Page of the Table towards the left hand, you have 
Seconds of Motions, beginning at 1 Second, and proceeding downwards to 60 Seconds, 
or one Ninute of Motion at the bottom. 

- Again, for Time: 

At the head of each Page of the Table you have (in every ſecond Column) all 
Numbers from 1 to 24' (the Namber of - Hours in-a Natural Day) in larger figures, 
and under the Hour in the ſame Column, you have the Minutes of each Hour, from 1 
Minute to 60 Minutes ; ſo that 24 Hours of Time will be at the end of the Table, 
where 60 Minutes of motion alſo is : The ſame Logiſtical Logarithm, viz. 1000009 


ſerving for both 60 Minutes of Motion, and 24 Hours of Time. 


$IL To find the Logiſtical Logarithm belonging to any. Number of Minutes, and 
pe Seconds of Motion of Time. 


1. For Motion, one Degree, -or 60 Midutes being, the Integer. 
Example 1.. Let it be required to find the Logiſtical Logarithm belonging to" 5 Yiinutes 
25 Seconds of Motjoii. py Sang 101 > 
Look 1n the Head of the Table for Motion 5, (which you will find in the 12th Co- 
lumn of the firſt Page of the Table, and-look for. 25 Seconds in the firſt Column of 


the 
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the Table towards the left hand, and under 5 at the Head, and 25 in the Side, you 
ſhall find this Number 895559, which is the Logiſtical Logarithm anſwering to 5 


Minutes, 25 Seconds of Motion. | 

Example 2. Let it be required to find the Logiſtical Logarithm belonging to 2.3 Alnutes, 
35 Seconds of Motions | 

Seek 23 Minntes of Motion in the Head of the Table, among, the great figores, and 
35 Seconds in the firſt Column of that Page towards the Jefr hand, and right againſt 
35; and nnder Motion 23, you ſhall find this Number 959445, which is the Logiltical 
Logarithm of 23 Minutes, 35 Seconds of Motion. 

2, For Time, 24 Hours or a natural Day being the Integer. 

Example 3. Let it be required to find the Logiſtical Logarithm, belonging to tmo Hours, 
and 10 Anutes of Time. | 

Look for two Hours in the Head of the Table, viz. H 2, amorg the great figures, 
(which you ſhall find in the Head of the laſt Column of the firſt Page of the 1 itle,) 
and 1c Minutes in the fame Column under 2 Hours, againſt which rowards the letr 
hand you ſhall find 895559 ; which is the Logiſtical Logarithm belonging to 2 Hours, 
and 10 Minutes, and is the ſame with the Logiſtical Logarithm of 5 Minutes, 25 Se- 


conds, found as in the firſt Example. 
Example 4. Ler it be required to fit 


Minutes of Time. 
Look for 9 Hours in the Head of the Table, and for 26 Minutes in the ſame Column 


under H 9, again{t which 26 Minutes towards the left Hand you ſhall find this Num- 
ber 959445, Which is the Logiſtical Logarithm belonging to 9 Hours, 26 Minutes of 
Time; and is the ſame with the Logiſtical Logarithm of 23 Minutes, 25 Seconds of 
Motion before found, as in the ſecond Example. ; 
y ay * Almutes S. Logif. Log. 
And in this manner you 8—18 *C 480—18 | 914039 
may find the Logical 9 Ll 2—2 1 Cor 1 2 6 0—2 1 Gro pre Fi2$S 
Logarithm anſwering to C 2 4—4 3 26 40-—43 987232 


d the Logiſtical Logarithm, belonging to 9 Fours, 26 


| Aliqs | -* | 
MH. 6 | 
: : 2—35 ; 903196 
The Logiſt. Log. anſwering to 9—32 > will be found to be < 959893 
2 0—1 7 992693 


And for that in the Uſe of this Table of Logiſtical Logarithms, ſometimes we may 
have occaſion to uſe the Logiſtical Logarithms of Parts, greater than a Degree, or 60 
Minutes, there is therefore added another Page, extending the Table to 12 Minutes of 
Motion farther, namely, to 1 Degree, 12 Minutes of Motion ; by which laſt Page of 
the Table, you may find the Logiſtical .Logarithm belonging to 1 Degree, 4 Minutes. 
40 Seconds to be .1c03254, and that to 1 Degree, 9 Minutes, 45 Seconds to be 
1006538, &c. Let this lutice for the Diſcription of this Table. 1 ſhall now ſhew, 


$ Ill. The Conſtrudtion of the T ABLE. 


The Table of Logiſtical Logarithms is deduced from the Table of Logarithms of 
Abſolute Numbers at the end of this Book ; and for the Compoſition of it, this is the 
, RULE. 

To the Arithmetical Complement of the Logarithm of 3600, (which are the Seconds in one 
Hour, or 60 Minutes,) add the Logarithm of the Abſolute Number at the Head of 
each Column of the Table, and that Summ ſhall be the Logiſtical Logarithm anſwerable 
to that Number ;, and if you add ary Number of Seconds, found in the firſt Column of 
the Table, ro the Number at the Head of any Column, the Logarthm of that Number 
aaded to the Complement Arithmetical of 3600, the Summ ſhall be the Logiſtical Log«- 
rithm anſwering to thoſe Minutes and Seconds. 

Example 1. Let it be required to find the Logiſtical Logarithm anſwering to 7 AMinutcs, 


07 420 Seconds, 


The Logarithm of 3600 is 355360, its Complement Arithmetical 644370 
To which add the Logarithm of 420, which is 262325 
The Logiſtical Logarithm of 7 Minutes, or 240 Seconds, is 906695 
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- And fo much doth he move in 24 Hours. ; 


' Example 2. What is the Logiſtical Logarithm, anſwering t0 21 Minutes, or 1260 Mz- 
nutes, 12 Seconds ? 


The Complement Arithmetical of the Logarithm of 3600 is 644370 
To which add the Logarithm of 1272, which 1s 319448 
The Logiſtical Logarithm anſwering to 1272 Seconds 954818 


$ III. The Uſe of the Table of Logiſtical Logarithms, in Maltiplication, Divifun, 
and finding the Part Proportional in Aſtronomical Frattions. 


r. In Multiplication and Diviſion. 


 ication is performed by Addition ; for the Logiſtical Logarithms of the two 
doaaber] ing added together, their Summ is the Produtt of their Multi- 
ES in the Uſe of this Table, a ſimple Multiplication or Diviſion is ſeldom re. 
quired, but as it concerns the Rule of Proportion ; therefore for the moſt part, a Ta- 
cit Addition or Subtraction of an Unite, which is 1.000000, muſt be uſed ; which, for 
that it hath the like Uſe, we will call the Rad, pus | 

Example 1. Jf 1 Degree give 4' 26”, what will 16' 00 give ? 
By Multiplication, 


©" . 4 236 | 8866 bs 
The Logiſtical Logarithm of 3 16! oo" (added) 94259 5 
The Logiſtical Logarithm of 1” 13” the Product rt 829291 
And ſo the Anſwer is 1' 13”. | RE 
Example 2. If 24 50" give 1 Degree, what will 4' 10” give ? 
| By _ 3ded) 
| EP . 4 10” ( Radius 2 c 1.88416 
The Logiſtical Logarithm of 3 24% 50” (ſubtradted) hos © 
The Logiſtical Logarithm of 10o' 9g” the Quotient 922476 


The like may be done for Time, ſuppoſing a Day, or 24 Hours, to be the Integer ; 
and then you muſt for the Minutes uſe thoſe Columns of the Table which have Hours 
at the Head of them. Bur if you will ſuppoſe one Hour to be the Integer, then for 
the Minutes you may uſe the firſt Column towards the lefr hand. | 

Example 3. If the Sun in one Day move 59 37”, how much doth be move in 21 Hours, 
39 Minutes ? 


CS R 4 21h 39 99 2 
The Logiltical Logarithm of 4 ?'® 39, , 111) 995524 
The Logiſtical Logarithm (abating Radius ) of 53' 46”  # ig 


And ſo much doth he move in 21 Hours, 39 Minutes. 


Example 4. If the Sun in 21 Hours, 39 Minutes move 53' 46", how much doth he move 
in oue Day, or 24 Hours ? g 


The Logiſtical Logarithm of 4 ru on _ _— open? 
The Logiſtical Logarithm of 59' 37” Quotient 999721 


By theſe Tables alſo in the Uſe of Ephemerides, or Aſtronomical Tables, for finding 
the Planers Motions at any time, and for computing the Time of the Aſpets, by uſing 
Degrees and Minures, as if they were Hours and. Minutes ; by the Golden Rule, 


_ Example 5. If a Planet move 1 Degree, 2' 13" in 60' (or 24 Hours, in how much 
time will it move in '36' 24" ? 


PEOR | 1 Degree 2' 13” (ſubtraQ) 1001 
The Logiſtical Logarithm of ; 60 or 24 Hours (Radius add. ) HE RES 
bag 1978652 


a : q : 2 | O 
= Logiſtical Logarithm of 35' 24” or 14 Hours, 9. Tt 
Ar a lo much time will ic move in 35 24” or in 14 Hours, 9 Minutes of Time. 

xample 6. Jf 1 Degree 7' of So 58S" 12', what ſhall 57' 34” give ? 


Uhr l2” 998677 
bt : 34 998202 
The Logiſtical Logarithm of Their Summ 1996879 
1 Degree 7' 9” (ſubtracted) T004390 
49' 53” the Anſwer 991989 


— —— - —_— 
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" this and the like Examples, where neither 60 Minutes or 24 Hours are ingredi- 
ent in the Queſtion, the work may be more eaſily performed by Addition only; as 


— —— 


thusz 
(1% 7 9g” Comp. Arith. is 7951log 

W en of 58' 12 is 998677 

The Logiſtical Logarithm © 57 34" is e032 
49 53” the Anſwer 299 i98 8 


By theſe Tables alſo may be found the Conjuttions and other Aſpe ts of the Planets ; 


245 in this Example following. 
Example 7. Suppoſe rhe Sun and Moon upon the 26th and 27th days of March to be both 


of them in Aries, and let the time of their true Conjuntion be required. 
| & | 
Day 26, the Moon is in 6 16 | - W- & 
' Day 27, the Moor is in 18 _ 57 v| and 0 OI. of ” 
The Diurnal Motion of C 12 41 of the Sr O05 9 
The Diurnal Motion of © o $59 {| 
Difference of their Di-» 11 42 


urnal Motions. 
A 


The place of the C the 26 Day 6 16 

The place of the © the 26 Day 16 osFY 

Diſtance of the, « from the © 9 5o 
Being thus prepared, have recourſe to the Table: 


The Logiſtical Loga- 3 the diſtance of the C from the © 9g» 50” I.961349 
rithm of the difference of Diurnal Motion 11 42 968797 


 TheLogiſtical Logarithm of 2 h. 10' 992452 
Wherefore the true time of the ConjunCtion of the Luminaries was March, 26 day, 


20 hours, 10 minutes, that is the 27 day, 10 minutes after 8 in the morning. 


—_— 


The end of Logarithmerical and Logiſtical Arithmetick. 
9 
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By DECIMAL SCALES. 


CHAF. 4 


How by Decimal Scales, by inſpeFion only, to Keduce 
 Vulear Fraftions to Decimals ; and the contrary. 


HE Arithmetick which we now come to treat of, and which I call Inſtrumental 

Arithmetick, is not any new. kind of Arithmetick, but is indeed the ſame with 
Decimal Arithmertick before taught; only, whereas in Decimal Arithmetick there were 
certain Tables made of Money, Weight, and Meaſure, by help of which the Decimal 
of any Frattion of Money, Weight, and Meaſure, might be ſet down (as) in Whole 
Numbers, here in this Jn/{rumental Part, I have contrived certain Scales of Money, 
Weight, Meaſure, Time, &c. equally divided into the ſeveral Denominations, into 
which the Weights and Meaſurcs for which they are contrived , may be equally 
divided. Unto all which Scales there is joyned a Scale of 100, 1009, Or 100009, 
equal parts, according to the length of the Scale ; ſo that by inſpection only, you 
may readily and exaQly, without Addition, ſet down the Decimal Fraction of any part 
of Money, Weight, or Meaſure, with great Celerity and ExaCtneſs, if the Scale be we! 
divided, and be but of a reaſonable length. 

Now if the Scales which I have chiefly made choice of in this work, as being of 
moſt uſe with Engliſh Men, (though other Scales may be made for the Coyns, Weights, 
or Meaſures of any other Country as well, and upon the ſame Ground,) are chiefly 
theſe, viz. - 

Figure I. 


Engliſh Coyn, two Shillings. 

. Troy Weight, two Penny Weight. 

. Averdupois great Weight, 286. 

. Averdupois litcle Weight, 16 Ounces. 
. Liquid Meaſures, 36 Gallons. , Being made the Integer. 
- Dry Meaſure, 8 Buſhels. 4 

7. Long Meaſure, one Ell or Yard. 

8, Foot Meaſure, 12 Inches. 

9. Time and Motion, one Hour, or one Minute, &c. j 


wane wed 


+ Www = 


Q na 


Unto every of theſe Scales, is joyned another Scale of 159 or 1000 equal parts, theſe 
Scales are made to face one another, ſo that if you look upon any Diviion in the one, 

. pou wa allo diſcern plainly what Diviſion or part of a Diviſion anſwereth thereunto in 
| Lne Otner. 

Theſe Scales being thus diſpoſed, as they may eaſily. be upon any Ruler of <ilver, 
Braſs,or Wood ; but beſt of all upon a Square Ruler, made in torm of a Par.2lclopipedor, 

| | ; | wil 
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will by inſpeCtioa only give you any Decimal Fraction required without Addition, or 


(on the contrary) reduce the Fraction into the known parts of the Integer, by inſj peCti- 
on alſo, without Subtraction. | 


CHAPF Is 
NUMERATION from the SCALES. 


 — 


and as by the figure of them appears Now Nameration upon a Scale, is to 
fad upon what part of the Scale any Number upon the ſame Scale will fall. 

We will begin with the firſt, and ſo proceed till we have given an Example in e- 
very One. 

: The firſt Scale is of Engliſh Money, and 1s divided into 24 equal parts, which re- 
preſent 24 pence or 2 Shillings z theſe parts are numbred with Arithmertical hgures, 
trom the beginning thereof, by 1. 2, 3, 4, 5; &c. to 24, each Diviſion repreſenting, one 
Peny, and the whole 24 Diviſions repreſent 24 Pence, or 2 Shillings: So that 
where the figure-1 ſtandeth, that part of the Scale repreſenteth one Peny ; where the 
figure 2 ſtandeth, it repreſenteth two Pence ; where the fhgure 18 ſtandeth, it repre- 
ſenteth 18 Pence, or one Shilling ſix Pence; and ſo of any other figure of the ſame 
Scale. | | 5 | 
Then, becauſe there are four Farthings contained in a Peny, each of theſe Pence (or 
Diviſions) is ſub-divided into 4 other equal parts by ſhort lines, every one of theſe re- 
preſenting one Farthing ; ſo-is the whole Scale divided in all into 96 equal parts, which 
are the Number of Farthings contained in two Shillings. - Thus if you look into the 
Scale of Money for 8 Pence 3 Farthings, you ſhall find it at the Letter a; alſo if you 
would find in the Scale the place of 18 d. half-penny, you ſhall find it ar c, and thus 
you-may find the place of any Number of Pence and Farthings, under two Shillings 
upon the Scale. Es: 

Unto this Scale of Money, (as to all the reſt of the Scales) there is joyned another 
Scale, which 1 ſhall always hereafter call the Scale of 1000, the uſe of which Scale is 
this: When you have found any Number of Pence or Farthings upon the Scale of 
Money, you: ſhall find upon the Scale of 1000, what parts of a Thouſand is the De- 
cimal of thoſe Pence and Farthings: Thus when in the Scale of Money yon find ar 
the Letter a 8 Pence 3 Farthings, if you caſt your Eye dieCtly croſs to the Scale of 
1000, you ſhall find .364 to ſtand direAly againſt 8d. 39. which 364 is the Decimal 
of 84. 349. Alſo, if you find upon the Scale of Money 18 d. half-penny, which is at 


the Letter c, you ſhall find againſt it in the Scale of 1000, this Number .771, which is 


the Decimal of 184. half-peny. And in this manner may the Decimal of any - Num- 
ber of Pence or Farthings under two Shillings, be moſt eaſily and exaCtly. obrained. 

Now on the contrary, ſuppoſe a Decimal Fraction were given, repreſenting ſome 
part of Engliſh Coyn, if you look in the Scale of 1000 for your Number given, right 
againſt it. in the Scale of Money, you ſhall find ,what Number of Pence and Farthings 
15 repreſented thereby. As for Example : Suppoſe .364 were a Decimal given, and it 
were required to find what part of Coyn it doth repreſent ; look in the Scale of 1000 


for the Number .364, and right againſt it you ſhall find 8 Pence, 3 Farthings. Alſo 


1t.771 were a Decimal given, if you look in the Scale of 1000 tor .77r, you ſhall 
find againſt that Number 18 Pence 2 Farthings. And thus of any other. 

By what hath been already ſaid, it may be eaſily diſcerned of what excecding ex: 
pedition theſe Scales thus diſpoſed are of. | | 

I have been very tedious in ſhewing the uſe-of theſe Scales to find the Frattion parts 
of Money, but the reaſon is, becauſe I intend to be the briefer in the reſt, for Weighr 
and Meaſure ; the manner of working (when the Diviſion of the Scale is known) being 
the fame in all reſpects without the leaſt alteration. —* 

2. The ſecond Scale is of Troy-Weight , ,two-Peny-Weight being! the Integer , 
which Scale is divided into 48 equal Parts or Diviſions, each of which Diviſions con- 


fins one Grain,and zre numbered by Arithmetical figures at every three Grains, by 3 ,' 


6,9, 12,C<c.to 24; and at the place where 24 ſhould ſtand,there ſtandeth Þ W, which 


lgnifieth one Peny Weight, or 24 Grains: this Þ W ſtandeth in the midele of the 
Line. 


T* F Scales here to be deſcribed are in Number eight, as hath been already ſhewed, 
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Line. Then is the ſame Scale continued farther by Arithmerical figures, 3, 6, 9, 
12, &c. as before, to 24 , and there is written PW again, repreſenticg two-Peny- 
Weight, or 45 Grains. I 

The Scale being'thas divided, it is caſte to find the place where any Number of 
Grains under 48 ſhall be upon the Scale; as for Example: If it be required to find 
where $ Peny-Weight 'ſhall fall, look upon the Scale of Troy-Weight, from the begin- 
ning thereof, fand count the figures z and z'\then, count alſo two of the ſmaller Di- 
viſions, and that makes 8 Grains, which you ſhall find to ſtand ar the Letter 4d, which 
is the plac of 3 Gfains ; 'alſd it upon the Scale you would find the place of 1 Peny- 
Weight, to Grains, you ſhall find it at the Letter e, and ſo'of any other Number of 
Grains under 48, or two-Peny-Weight. | | 

But if you had a Decimal given, and would know what Number of Grains it repre- 
ſenteth, if you ſeek your Decimal given in the Scale of 1000, right againſt it in the 
Scale of. Troy-Weight, you ſhall find the Number of Grains repreſented thereby. 

3. The third Scale is of Averdupois great Weight, 23 Pounds, or one quarter of an 
Handred being the Integer, this Scale is numbred by 1, 2, 3, 4» &c- to 28, which 28 
repreſenteth 28 15. or a quarter of an Hundred, and each of thoſe is ſub-divided into 
four ſmall parts, each repreſenting one quarter of a Pound. *, 

Now it you would know what is the Decimal of any. number of Pounds or Quarters 
under 28, if you ſeek the number of Pounds in the Scale of Averdnpois great Weight, 
right againſt it in the Scale of 1000 you ſhall - find the Decimal thereof ; and fo the 
Decimal of 8 Pound and an half, will be found-at the Letter g, and right againſt it 
.304, which is the Decimal of 8 Pound and an half. . 

4. The fourth Scale is of Averdupois little Weight, 16 Ounces or one Pound being 
the integer : This Scale is firſt divided into 16 equal parts, and numbred by 1, 2, 
3, 4, ©c- to 16, each Diviſion repreſenting one Ounce. Then-again, each of theſe 
Ounces is ſubdivided into 8 other ſmaller parts or Diviſions, each of which Divifions 
repreſenterh two Drachms ; but if your Scale be large enough, you may have each 
Ounce divided into 16 equal Parts or Diviſions , each Diviſion repreſenting one 
Drachm. | 7 | 

Now to find the Decimal belonging to 6 Ounces and 6 Drachms, look for 6 Onn. 
ces and 6 Drachms in the Scale, and you ſhall find it art the Letter h, and right againſt 
it .398, which is the Decimal of 6 Ounces and 6 Drachms. | 

5- The fifth Scale is of Dry Meaſures, one Quarter or 8 Buſhels being the Inte- 
ger : This Scale is firſt divided into 8 equal parts,and numbred by 1, 2, 3, &c. to 8; 
each of which Diviſions repreſenteth a Buſhel, and each of thoſe parts is again ſub-divi- 
ded, firlt into 4 equal Parts or Diviſions, each repreſenting one Peck; and then thoſe 
again ſub-divided into 4 other ſmaller Parts, repreſenting Quarters. Halves, and 
Three Quarters of a Peck. | ; 

So to find the Decimal belonging to 5 Buſhels, 2 Pecks, and half a Peck, if you 16ok 
into the Scale of dry Meaſures, you. ſhall find 5 Buſhels, 2 Pecks and an half, to 
ſtand ar the Letter k, and right againſt it .502, which is the Decimal anſwering to 5 
Buſhels, 2 Pecks, and an halt. | 

6.. The fixth Scale is of Liquid Meaſures, the Integer being 36 Gallons or one Bar- 
rel, thus Scale is divided firſt into 36 equal parts or Diviſions, and numbred by 5, 19, 
t5, &c, to 36, then every of theſe Diviſions is again ſub-divided into 4 other imall 
Divitions, each repreſenting a Quart. 

So to.find a Decimal repreſenting 10 Gallons and 2 Quarts, or 4 Pints, if you 
ſeek in the Scale for Liquid Meaſures for 10 Gallons, 2 Quarts, you ſhall find it at the 
_ m, againſt which you ſhall find -.292, which is the Decimal of 10 Gallons 4 

ints. | 
_ 7. The ſeventh Scale is of long Meaſure, the Integer being Yards or Ells : This Scale 
is divided into 4 equal Parts, and numbred by 1, 2, 3, 4, repreſenting 1 quarter, 2 
quarters, 3 quarters, or 4 quarters of a Yard or Ell; theſe are again ſub- divided, firit 
into 4 other equal parts, repreſenting Nails. 

Thus if it be required to find the Decimal belonging to t quarter and 3 Nails, if 
you ſeek this in the Scale, you ſhall find it ſtand at the Letter o, apainſt which ſtands 
-437, which is the Decimal anſwering to 1 quarter, and 3 Nails of a Yard or Ell. 

8. The eighth and laſt Scale is of repreſentative inches, the whole Scale being divi- 
ded into 12 equal parts, and numbred by 1, 2, 3, Ec. to 12; and thoſe parts are 


again fub-divided into halves, quarters, and half quarters, as Carpenters Rules are uſu- 
ally divided. 


Unto 
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-  . Unto this Scale (as unto all the other) there is joyncd a Scale of 1000 ; this Scale 
will readily diſcover what is the Decimal belonging to any number of Inches, halves, 


or quarters, and the uſe is the ſame with the Scales before mentioned. 


1 hus { 
do now ſuppoſe my Reader to be perteQtly acquainted with the way of numbring or 


counting upon them 3 wherefore | intend only to give you a queſtion or two in the 
moſt uſual Rules of Arithmetick, and fo conclude, . 


CHAP 
ADDITION from the SCALES, 


Hat Addition is, and the manner of working it hath been already taught,both 
V in the firſt and ſecond Parts, we will now come to an Example, which let be 
in Addition of Engliſh Coin, and let the Summs to be added be 35 hi. 85. 84. 291. 
05. 24d. 311i, 16s. 9d. and 615. 25. 54. | 

Firſt, fet down 3645. 294. 3145. and 645, one under another, in ſuch order as you 
ſein the following Example, drawing a line by the fide of them as you ſee there done, 
and alſo a Line under them. 

This done, ſeeing that- your firſt Number to be ſet down to 36/5. is 8s. $4. you 
muſt for the 8 5. (becauſe two ſhillings, which we called a Decade, or the tenth part 
of a Pound, is made the Integer, in the Scale of Money) ſet down 4, which is done by 
Memory,and after it make a Point ; then your next Number to be ſet by 29 5. being o 5. 
24. for the © 5. ſet down a Cypher; thirdly, for your Number to be ſet by 31 4. being 
16s. 9d. for the 16s. ſet down 8 Decades, with a Point after it,and laſtly, the number 
to be ſer by 6 /j. being 2s. 54. for the 25, ſer down 1 Decade with a Point afrer it. 

Then take your Scale in Hand, and ſeeing your firlt number of pence 
. are84. look in your Scale of Money for 8 4. and againſt it in the Scale 3 614. 

of 1000, you ſhall find 333, which ſet by 364. 8 s. behind the Point, 2 919. 
then your next number of pence being 24. look in your Scale for 24. 3 1|$ 
and againſt it in the Scale of 1000, you ſhall find 083, which ſet to 611. 
294. 0 5. behind the Point. Then your third number of pence being 9 4. | 
look in your Scale for 9d. and againſt it in the Scale of 1000, you ſhall 
find 396, which ſet to 3113. 16-5. and laſtly, your laſt number of pence being 5 4. 
look in your Scale for 5d. and againſt it you ſhall find 208, which ſet to 641. 2 5. 
and then will your whole work ſtand, as here you ſee, 

— Your Summs being thus ſer down, which is done with more facility than you 'can 
Imagine, till you make trial and be ſomething perfect therein, you muſt then add all 
the numbers together, as in Addition of Decimals, and you ſhall find 

the Summ of them to be 103|4.000 : Now to know this in Money, is as {:. 

calie as it was to ſet the ſeveral Summs down, for the figures 103, which 3 6/4.333 
ſtand behind the down right line, are 103 5. and the figure 4 which 290.08 z 
ſtands between the down right line and Point, are 4 Decades or 8s. 3 - .376 
and being the reſt to the right hand are all Cyphers, they ſignifie nei- &6[r.208 
ther  _ nor farthings, ſo is the total of this Addition 103 i. 1 93];"o50 

1, O04, & 

That the manner of working may appear more plain, I will give you another ſhort 
Example as difficult as I can invent, which 1 performed by a Scale of Wood but of 
8 Inches long. Let the Summs to be added together be theſe following : 


li. s. d, &» 
I 


332 *--.08 
159 2 
217 5 - 
709 9 & 3 


7. Set down your ſeveral Summs of Pounds one under another as before, and draw 
2 line by the ſide of them, and another under them; ſo will they ſtand as in the fol- 


lowing Example. 
B b  _ 2, Your 


| have given you a brief Deſcription of theſe Scales, and the uſes of them, and. 


nn ee ee. ———_ 
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Received more 3219.979 


2. Your ſamms of Pounds being thus. orderly placed and lines drawn, repair to 
your Scale; and ſeeing rour firit number of Shivings, Pence, and Farthings, is 17 5. , d, 
1 9. for your 17 5. ſer down 8 Decades, which 15 16 5 with a Point after it, then will 
there reſt to be ſet down 15. 44. 19. or 16 4d. 14. which if you ſeek in your Scale 


- of Money, you ſhall find to ſtand ag inlt it in the Scale ot 1000 this number.677,which 


is the Decimal of 15. 4d. 19, . , 
3. Your fecond.number of Sliitlings, Pence, and Farthings, is 6s. 84. 19. for your 


6 5. ſet down 3 Decades, which is 6 5. and then there will remain 84. 19g. Which if 
you ſeck in your Scale of Money, you ſhall find to ſtand 3gainlt it in the Scale of 1000 
this number .344 3 which is the Decimal of 84. 1 9. ye - 

4. Your third number of Shillings, Pence, and Farthings is 5 s. 3 4. 
39. for your 5 Shillings ſer down 2 Decades, which is 4 ſhillings 


SY EOF with a Point after it; then will there reſt to be fet down 1 5. 34, 3 A 
WY | el - 72 or 154. 3q. which it you ſeek in your Scale of Money, you ſhall find 
2172-252 t ltand apainſt it in the Scale of 1000 this number .656, which is 
70914-9077 the Decimal of 154. 39. 15. 3d. 3 9. and the three ſumins to be ad- 


ded togcther will ſtand as here you ſee. G-” 

Theſe ſumms being added together according to the Rule for Addition of Decimals, 
you ſhall find the ſumm of them to be 7094-677 now to know what this is in Money, 
rake notice that the 709 which ſtands to the left hand of the down right line are 70g 
Pounds, and the figure 4 which ſtands between the down right line and the Point, are 
4 Decades or 8 s. but (becauſe the firſt figure next after the Point is above 5, viz. 6,) 
you muſt add 1 5s. to the 4 Decades, making them 9 -, then will there remain 1797, 
wherefore if you look in the Scale of 1000 for 177, you ſhall find againſt it in the 
Scale of Money 44. 1 9. So is the whole ſumm of this Addition 7091. 95. 44. 1 9. as by 
the preceding work doth appear. 

Here Note, that when you had ſet down your 709 /. 4 Decades or 8 -. there remai- 
ned beyond the Point 677, which if you bad ſought in your Scale of 1000, you would 
have found againft it in the Scale of Money 15 4. 1 q. or 1 5, 34. 19. (which is all one) 
as before; for it appeareth plainly by the Scale, that 5oo in the line of 1000 is equal 
to one ſhilling. : ; 

I might proceed farther in giving you Examples in Weight, and Meaſure, but being 
before acquainted with Decimal Arithmetick, and with Numeration upon the Scales, 
you cannot be deficient in the applying of the other Scales oi Weight, and Meaſure to 
the ſame purpoſe for which they were contrived, I having ſo largely exemplified the 
uſe of the Scale of Money. ; ; 


FLY CHAP. 1v. 
SUBTRACTION fromthe SCALES, 


Sy nga nee is the taking one or more ſmaller ſumms out of one greater ; I ſhall on- 
ly give you an Example or two, as I have taken the numbers from a Scale. 

Example: Delivered to a Gold-ſmith of old Plate 2g; Ounces, 13 Penny Weight, 19 
Grains. 

Received of the ſame Goldſmith firſt 165 Ounces, 11 Penny Weight, and 7 Grains ;, and 
afier that received of the ſame Goldſmith 32" Ounces, 19 Penny Weight, and 32 Grains ;; 
what Plate remains 4n the Go!d-ſmith's Hands ? 

H Take your Numbers out of the Scale of Troy 

Delwvered 29716.896 weight, and ſet _ down as here you ſee. 
Received 16«|5.646 Then add the ſeveral weights of Plate received to- 
ff « * Shade gether, and they make 198|5.625, or 198 Ounces, 11 
Wn, | Penny weight, 6 Grains ; which if you ſubtract from 
CpG la in all i985.625 297|6.896,or 257 Ounces, 13 Penny weight, 19 Grains, 
Reſt s 99|1.271 which was the quantity of Plate delivered, there will 
remain 99|!.271, or 99 Ounces, 2 Penny weight, 13 
Grains, and ſo much Plate i ſtill in the Gold-ſmith's Hand. And let thus much ſuffice 
for Subtraction z and as for Multiplication and Diviſion, &c. by Scales, they ſhall be 

taught in the ſecond and third Parts following. 
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The Second Way, by 


RHABDOLOGIA, 


Or 


Numbering Rods, vulgarly called Neper's Bones. 


——— 


Proeme, 


Heſe Rods were the contrivance of the Fonourable John Neper, Baron of 
Merchiſton t# Scotland ; the firi? Inventer of thoſe never enough to be ad- 
wired Artificial Numbers, called Logarithms : In the Calculatvn of which (as may 
partly appear by what is ſaid concerning the Conſtruttion of them, in the third part 
of this firſt Book,) the Multiplications, Divifions, and Extrattion of Roots eing 
very Tedious and Laborious ; he found out theſe Compendious and certain Rods, 
now corruptly called Neper's Bones ; for that himſelf in his Deſcription and Fa- 
brick of them ſaith, they may be made of Silver, Ivory, or Box, and he gives 
this Definition of them, 
Rhabdologia eſt Ars Computandi per Virgulas Numeratrices; /. e: Rhabdolog;a 
is the Art of counting by Numbering Rods. * | 


tb 


CHAP. I. 
Of the Fabrich of theſe RODS. 


Hey may Be made of Silver, Ivory, Braſs, Box, &c. or delineated upon fine Card 
Paſte-board ; they are made flat, cach Rod having two Sides or Faces, and con- 

tains in length about 2 Inches and ;!, in breadth one quarter of an Inch, and in thick- 

neſs one twelfth part of an Inch. ; 

FIGURE WM ; Fig. II, 

One ſet of theſe Rods. conliſteth of tive pieces, and therefore hath ten Faces or 

Sides. Upon the firſt of theſe five Pieces you have a Cypher at the Head, and 9 at 

the bottom! thereof : Upon the ſecond of them you have 1 at the Head, and 8 at the 

Bottom : Upon the third 2 at the Head, and 7 at the bottom : Upon the fourth 2 at 

top, and 6 at bottom ; and upon the fifth 4 at top, and 5 at the botrom. Every of 

the two figures at top and bottom together make 9; as o and 9gis 9, 1ands, 2 and 7, 

3Zand 6, 4 and 5. And here obſcrve, that the figures 98765, which ſtand at the bot- 

tom of the Scheme, ſtand with their heels upwards in this manner, 6gL9$ ; and ſo do 

all the other figures under them, till you come to the double Line which is in the © 6 

middle of the Scheme, noted with A and B, at which Line, if the Scheme were cut ino 

wo pieces, and foldcd or paltcd on the back-lide of the other half, ſo that the vy at the 

B b 2 bottom 
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bed. 


bottom were placcd npon the Cypher at the top, and fo 8 upon 1, 7 upon 2, 6 up. 


-on 3, and five upon 4, and then the Scheme cut 'again. into five little flippers by 


the down-right Lines z- theſe five ſlippets would exaaly repreſent one ſet of theſe 
Rods, for on one ſide of one of theſe pieces, you ſhould have a Cypher, and 9 on the 
other : Upon the next 1 and 8, upon another 2 and 7, upon another 3 and 6, and up- 


$ 


on the other 5 and 4; both the Figures on either ſide making 9, as before was deſcri- 


Theſe five flippets do now contain the whole Multiplication Table of Pythagorar, be. 
fore inſerted in Multiplication of Vulgar Arithmeric« ; but ſo few are not of ſufficient 
uſe, for there can be but four figures of one kind, which in all caſes is not ſufficient : 
Therefore as theſe Rods are made now a-days, they do commonly make fix ſets of them; 
that is, 30 pieces, which contain 60 faces; and theſe will be of good uſe, and there 
will ſeldom be found a want. 


Concerning a C aſe for theſe Road-. 


For'the orderly keeping and ready finding of theſe Rods, I have ofren (for my ſelf 
and others, ) had a Box made of Wallnut-tree, or Pear-tree, with five partitions in it, 
each partirion to hold five or fix fets of theſe Rods, or more if more were required ; 
every of theſe partitions being figured on the ſide thereof next the eye, with ſuch f- 
gures as the Rods'in ſuch a pattition had at the top; ſo that the Party that was to uſe 
them could take them as readily out of his partition, as a Printer can take his Letters 
out of their reſpeCtive Boxes to make any word. 


FIGURE HY. 


In this Pox there is alſo convenient rooin made for one other Rod, double in breadth 
to theſe here deſcribed, but of the-ſame length and thickneſs; upon the one ſide where- 
of there is a Table or Plate uſefull in the extraCtigg of the Square Root, and on the 
other ſide another for the extraCting of the Cube Root, which in the Figure thereof is 
noted-with Square, Cube; of which I ſhall forbear ro ſay any thing till I come to ſhew 
you how to extract the Square and Cube Roots by them and the Rods. 


Of a Board with a Frame, upon which to lay your Rods when any Operation is to be wrought 
by their, which I cala TABELLET. 


FIGURE a 


In the uſing of theſe Rods care is to be had firſt of the orderly laying of them, and 
ſecondly for the keeping of them in that poſition till your Work be ended : 'For the ef- 
fefting whereof both neatly and certainly, there 1s a little Table or Frame contrived, 
containing in breadth ;> ot an Inch more than the length of the Rods, and ia length at 
pleaſure, but it may well be ahout once and an half the length of the breadth. 

It ought to be made of a thin piece of Pear or Wallnut-tree, or of ſuch matter as 
your Box or Caſe is made of; and it may very commodiouſly be contrived to be put 
_ - Box, as I ever had them made to do, for that I found it inconvenient to carry 
it looſe. | « 

Upon the Superficies of this Board, cloſe to one of the edges thereof, muſt be glued 
or otherwiſe faſtened with Pins, a ſmall piece of the ſame matter, and alſo of the ſame 
length, breadth, and thickneſs of one of your Rods ; which muſt be divided into nine 
equal parts, and Lines drawn croſs the piece; ſo will there be nine Squares, in which 
you muſt grave or ſtzmp the ninc Digits, beginning with 1 at the top, and ſo deſcen- 
ding by 2, 3, 4, to 9, at the bottom thereof : And it were neceſlary that theſe figures 
(as alſo thoſe which are at the head of every of your Rods) were graven or ſtamped 
of ſometiing a bigger figure than the other figures of your Rods are. 

Under the end of this ledge b-ginning at the figures, and ſo continuing the whole 
length of the Board, muſt another ledge of the ſame matter and thickneſs be glued 
or pinned, and then is your Tabeller finiſhed. It is called a 7abeter, for that when the 
Rods are laid thereon for any operation to be wrought by them, we uſually ſay, the 
Rods arc Tabellatcd. | 


Being thus prepared with Rods and Tabellet, you are ready for. the work inte1ded 
by them, as in Figure lII. is evident. ER 


To 
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gd 
To what Uſe theſe Rods renerally ferve. 


The chief Us which theſ- ſmall Rods ſerve unto, are all manner of Multiplications 
and Divitions, and Extraction of Roots, Square or Cube; all which are ſo cafily and 
expeditiouſly performed, and that by Addition and Subtraction only z for here is no 
charge of the memory, and you ſhall always take your Quotient-figure in Diviſion cer- 
tain, neither too great nor too little. But ceaſing to ſay more of their Properties, 1 
will now come to ſhew their Uſe. 


DE — 


| C HeAtP IL 
How to apply, or lay down, any Number by the Rods. 


\ving already given you a large Deſcription of theſe Rads, I will now ſhew the 
Uſe of tnem, which will beſt appear by the Propolitions following : 


PROP: IL 


Any Number being given, how to tabulate, or lay it down by the Rods. 
FIGURE. 
Let it. be required to tabul-re, or lay down, this Number 3496. - 

Firſt, From an;oug your {.s of R-dz (or out of your Caſe) take one which hath the fi- 
pure 3 at the top thereof, and lay it. on your Tabellet cloſe to the edge thereof : then, 

Secondly, Take another Rod from your Cie, which hath the figure 4 at the top of 
it, and lay that alſo upon your Tabcllet, cloſe by the lide of the other. : 

Thirdly, Take another Rod, which hath the figure 9 at the top of ir, and lay that 
upon your Tabcllet, cloſe by the othet two. 4 

And laſtly, Take a fourth Rod, having the figure 6 at the head thereof, and lay that 
alſo upon your Tabeller cloſe by the reſt. | ah 

Theſe four Rods thus taken and laid upon the Tabellet, you ſhall ſee in the upper- 
moſt row ( which ſtandeth againſt the figure 1 on the ſide of your Tabellet } theſe 
four figures, 3, 4, 9 6, that is 3496, equal to your given number ; in the ſecond row 
- (apainſt the figure 2 of your Tabellet ) you ſhall find the double thereof; in the third 
(againſt the figure 3) you ſhall find the triple theregt;: in the fourth the quadruple ; 
n the fifth, the quintuple; and ſo on to the ninth and laſt, in which you ſhall find the 
noncuple of the number given. 


P.R © PF. 


How theſe Rods will appear when tabulated, and being tabulated, how to read the 7ul- 
tiplication of that Number when tabulated, by any of the Nine Digits. 

The Four Rods being tabulated, they will appear exaCtly as they are repreſented in 
Figwe II. which Figure lively repreſents the four Rods lying upon the Tabellet, which 
mind well, for upon the true tabulating and right reading of the Rods ſo tabulated, de- 
pends the whole work. | 


The Rods thus tabulated, as you ſee them in the: Figure, do appear in the form of a_ 


Glaſs-window, every Pane thereof repreſenting a Rhomboyades, or Diamond-form : In 
the reading of the Figures which are in theſe ſeveral Rhomboyades, obſerve theſe few 
DireZtions following, which will illuſtrate the whole buſineſs intended, and therefore 
eſpecially to be minded. | 
; | N 0 T3; 
I. That the Figures upon the Rods are to be read from the right hand towards the lefe. 
Il. That 4: every Rhomboyades or Diamond, there is either One Figure, or Two Figures, 
but ney more than Two. 
Ill. 7 there be but one Figure itn a Rhombus, then that Figure is the Figure to be ſet down 
ale, '(beit either a Fignre or a Cypher, ) but if there be rwo Figures 1n a Rhomboyades, 
(as for the moFt part there 1s,) then add thoſe two Figures together, and ſet down their 
ſmrm in cne Figure. | 
IV. But if the ſumm of the two F igures in one Rhomboyades or Diamond do exceed Ter, 
then you muſt ſer down the overplus above Ten, and keep ore in mind, which one you 


muſt carry 80 the next Rhamboyades. Ti 
| | V. [hat 
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y. That the firſk towards your right hand, and the laſt towards your left hand are bur 
half Rhomboyades or Diamonds, and never have in them more than one Figure, but 
all berween them are whole ones, and for the moſt part have two Figures in them, or 
one Figere and a Cypher. : | 

VI. If in either Rhomboyades, or half Rhomboyades, you find no Figures but C 'yphers, 
you ruſt not neglef, but ſer them down as if thty were Figures. - 

Theſe Rules being rightly underftood, all that tollows will be familiar and cafie, and 
theſe 1 ſhall explain by the Example following. 

Example 1, For the illuſtration of the preceding Rules, I will make uſe of thoſe Rods 
which were before tabulated ; therefore have recourſe to Figare IN. where this Num- 
ber 3496 is tabulated. ; | 

The Figures at the top of the faur Rods are thoſe which lignifie the former given 
numbcr 3496, and this number ſtands againſt the figure 1 on the right ſide of the Ta- 
bellet ; then I ſay that, the: $gares in the next row, ſtamding againſt the figure 2 of the 
Tabcllet are double thereunto, which is thus proved. CNS 

Repair to the Rods as they lie upon. the Tabellet, and in that row which lieth a- 
gainſt the figure 2, you ſhall find in the firſt half Rhomboyades towards your right 
hand, (where by Rule I, you muſt begin,) the figure 2; wherefore ſet down with your 
Pen upon Paper the figure 2: In the next Khomboyades in the ſame row, you ſhall find 
$ and 1, which added make 9; ſet down 9 on the left hand of 2: In the next Rhombus 
you ſhall find 8 and 1 again, which is 9 alſo; ſet down 9 on the left hand of the other : 
Ard in the laſt Rhomboyades you ſhall find only 6, wherefore ſer down 6 on the lefr 
hand of 9; ſo have you in all 6992, which is double to 3496. R 

Again, the figures in the row which ſtand againſt the figure 3 in the Tabellet arc 
triple to 3496 ; for in the firſt half Rhomboyades towards your right hand, you have 8; 
ſer down B: In the next Xhomboyades you have 7 and 1, which is 8; ſet down 8 again: 
In the next you have 2 and 2, which is 4; ſet down 4 : In the next Rhomb. you have 
9 and 1, which makes 10; ſet down o and cagry 1, but it is the laſt Rhomboyades, 
and (becabſe there is never another -to carry the 1 unto, ) you muſt therefore ſet it 
down, ſo have you this number 10488, which is triple to 3496: And fo of all the 
other Digits. | 

Thus have l given an Example ſhewing how the Numbers upon the Rods are to he read 
and written down; in the delivery of this Example, I have made the following work 
ſo plain and eaſie, that the meaneſt capacity may by what is here delivered, read ot 
write down any number that can be tabulated : And that this Chapter may be through- 
ly underſtood, I will give you the products ef 7009078, multiplied by all the nine Di- 
Fits, Which are as followeth, viz. Woh 


(2? _.f1,or8156 

3 21027234 

=. 4 28036312 

7009078 being ; 5 ; O O 

multiplied — 4 2 > produceth < - : - Tone 8 

* 7 49963546 
8 56072624 

L9 LL 63081702 


Thus have I ſufficiently deſcribed theſe Rods, and the manner of numbering upon 
them ; and now I think it time to apply them to that uſe for which they were intended, 


namely, the more difficult parts of Arithmetick, as 24ulriplication, Diviſion, and Ex- 
tration of Roors. 


i 


CHAT. Wl 
MULTIPLICATION by the RODS. 


FT multiplying by the Rods, you are to conſider (as in Vulgar Arithmetick, ) three 
Terms, Things, or Numbers, +iz. 


1, The Aflriplicand, which is the Number to be multiplied. 
2. The Aulripher, which is the Number by which the Auriplicand is IC. 
| | | 3» C 
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3. The Proautt, which is the Summ produced by the multiplying of the two for- 
mer (OgeLNCT. = ; 

And here note, that the Produ@t doth contain the Multiplicand fo many times ag 

there be Unites in the Multiplier. 

Thus for the Definition of Multiplication 3 now for the working thereof by the Rods, 

for which this 1s the RULE: 

Firſt; Ser down upon your Paper the Multiplicand, and orderly ander it the Multiplier ; 
(it matters nor greatly which of the two given Numbers be made Multiplicand or 
Multiplier, but 1 tt uſual and beſt tro make the greateſt Multiplicand, and the leſſer 
AMulnpher, ) then draw a Line nith your Pen under them; and having tabulated your 
Multiplicand, (or greater Number, look, what Numbers in your Rods ſtand againſt 
the fr jt figure tonarads your right hard, and that Number which you ſhall find upon 
your Kods ſtanding againſt that firſt figure found in your Tabellet, ſer down under your 
Line which you formerly drew under your Mulriplicand and Multiplier ,, and having ſo 
done with the firſt figure of your Multiplier, doe ſo with the reſt, ſetting them down oe 
under another, removing every figure one place more towards the left hand than that 
whic/ went before it, as is done in common Multiplication, and as you ſee in the fol- 
lowins Examples. | . 

Example 1. Ler ir be required to multiply 3496 by 489. 

1. Set down yonr given Numbers 3496 and 489, one | 

under another, and draw your Line under them, as here 3496 Muliplicand 
you ſee done. | 48 9 Multiplier. 

2, Your Multiplicand 3496 being tabulated, and 9 NI DOOR 


being the firſt figure to the right hand in your Multiplier, _, ; $4, 
look upon your Rods what ſumm there ſtands againſt 9, 3984 


in the ſide of your Tabellet, and you ſhall find 31464g, —— 
which is the Product of 3496 multiplied by 9; wherefore 729544 Produt. 
ſet down this Number under your Line, as in the Margin. 

3, Look what ſumm upon the Rods ſtands againſt 8, which is the ſecond figure of 
your Multiplier, and you ſhall find 27968; ſet this Number unger the former, meving 
it one place forward towards the lefr hand. 

4. Look what ſumm upon the Rods ſtands againſt 4, which is the third figure in your 
Multiplier, and you ſhall find 13984 ; which fet down under the other, one place more 
to the left hand. 

Laſtly, Under theſe three ſumms draw a Line, and add the three ſumms-together, 
and they make 1709544, which is the Produtt of 3496 multiplied by 489 ;z and this 
1799544 the Product, contains 3496 the Multiplier, 489 times. 

- Practiſe well chis firſt Example, and compare it with the Rods as they are tabulated 
In Figure IV. 1 will give you one or two more Examples. | 
Example 2. Let iz be required to multiply the ſame ſumm 3496 by 261. 
Set the Numbers down as is here done ; then look upon . 


the Rods for the Produtt of 3649 by 1, and you ſhall find » 3496- 
t to be the ſame; wherefore ſer down 3496 under the , 261 
Line: then look upon the Rods for the Produtt of 3496 ” 3496 
by 6, and you ſhall find it to be 20975; which fet down 20 <6 
under the other Number, one place more toward the left 6992 
hand: Again, look in the Rods for the ProduCt of 3496 - roo 


multiplied by 2, and you ſhall find it to be 6992, which 
ſet down under the other two. ' 
Laſtly, Draw a Line under them, and add the thrze Numbers together in order as 
= _ and the ſum of them will be 9124565, which is the Produtt of 3496 mul- 
Pied by 261, | | 
Example 3. Let it be required to multiply the ſame Number 3496 by 520. 
SYet down your Numhers as you ſee in the Margin : 


Then becauſe the firſt figure in your Multiplier towards 3496 

the right hand is a Cypher, wholly omit it, and multiply 320. - 

3496 by 52 only, ſo ſhall you find the ProduCt of 3496 6992 

by 2, to be 65923 whith ſet down': alſo the ProduCt by 17480 

5 will be 19480; which ſet down under the other, one 1817920 2 


place farther: then draw a Line, ' and add theſe two 

ſummg together, and they make 181792 ; to which if you add a Cypher for the Cy- 
Pher- which you omitted in your Multiplier, the'fumm will be 1817920, which is the 
Product of 3496 by 520. ” Example 


9 | . 
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Example 4. Let it be required to multiply the ſame 3496 by 7093. 
Set down your numbers as before, and as you ſee here 


done : Then having tabulated 3496, ſce what the Pro. 


. «, 8 duct thereof is upon the Rods, being multiplied by 3, the 
70488 . firſt figure in your Multipher, and you ſhall find ir to be 
10488; which ſet down under the Line: Then the two 

5.9 hs tl "BN Next places of your Multiplier . being Cyphers, make two 
24452485 pricks under the former Number, one under 8, the other 


under 4, as you ſee in the Example; or inſtead of 2 

pricks you may make two Cyphers: Then look in the Rods for the Product of 395 

by 7, and you ſhall find it to be 24472 which ſet under the other ſumm, beginning 

your number at the fourth place, or beyond the two Pricks or Cyphers: Laſtly, draw 

a Line and add theſe two together, and their ſumm is 24482488; which is the Pro- 
duct of 3496 multiplied by 7003. A 

Thus have you four Examples in Multiplication, in which are included all the yarie. 

ties that may at any time happen in that Rule, viz. two where the Multiplier conſiſted 

all of figures, as in the firſt and ſecond Examples they did; another where the latter 

\ Place of the Multiplier conſiſted of a Cypher, as in this laſt Example, where Cyphers 


were intermixed with the figures. 


CHAP. IV. 
DIVISION by the RODS. 


' A S in Multiplication, ſo alſo in Diviſion there are three Numbers, Terms, or 
Things, viz. 
1. The Dividend, or Number to be divided. 

2. The Divi/or, or Number by which the Dividend is divided. 

3. The Qzorient, which is the Number iſſuing from the Dividend's being divided by 
the Diviſor: And this Quotient doth always conſiſt of ſo many Unites as the Diviſor is 
times contained in the Dividend. 

Thus much for the Definition of Diviſion; now let us come to the pratice of it by 
the Rods, to perform which this is the | 

RULE: 

Tabulate the Diviſor, ( which is always the leſſer Number of the two given, ) and ſet 
down the Dividend, and ſet the Diviſor on the left hand, and draw a crooked Line on 
the right hand for your Quotient, as in common Artthmetick : Then look, upon your ta- 
bulated Rods (always) for the Number leſs than the Number in the firſt figures of your 

| Dividend, and what figure ſtands againſt that number on the edge of your Tabellet 

muit be the figure you muſt put in your Quotient, and that Number you muſt always 

ſubtratt from the figures of your Dividend, and to the Remainder add another figure, 
fo proceeding from figure to fignre till your Diviſion be wholly ended. 

Example: Ler zt be required to divide 1709544 by 3496. 

Having tabulated 3496, ſet down your Dividend, your Diviſor on the 1-f hand 
thereof, and a crooked Line for the Quotient on the right hand thereof, as' _ae Rule 
preceding you were directed, and as you fee done in the Example adjoyning. 

And becauſe at your firſt ſetting down of your Diviſor 3496, it would reach (if it 
were ſet under your Dividend 1709544 ) as far as the figure 5; therefore under the 
hgure 5 make a prick, to intimate how tar you are gone on in your work ; and under 
this prick draw a Line quite under your Dividend ; then is your ſumm ſer down ready 
for work, and will appear as here you ſee: | 


3496) 1709544 ( 


pp ——_— 


Your ſumm thus prepared, ask how often can you have 3496 in 17095, look in 
your tabulated Rods for 17095, which you cannot there find, but the neareſt number 
thereunto amongſt the Rods, which is: leſs than 17095, ( for you mult always take a 
leſs) is 13984, which number ſtands againſt the figure 4 in the Tabellet; wherefore 
ſet 4 1n your Quotient, and 13984 under the Line, and ſubtraCt 13984 from 70958 

o | all 


ParelV: Inſtrumental ARITHMETI CK. -- "I 


"oy 


and t et will remain 3111; fo is the firlt part of your Diviſion ended, and your work. 
Ret thus: | = | 


2495)1709544(4 


13984 


Then make another prick under 4, the next figure of your Dividend, fo will the 
remaining number be 31114: Then look upon your Rods for the number 31114, (or 
the nearelt leſs than it,) and the neareſt leſs you ſhall find to be 27968, which ſtands 
apainſt'$in your Tabeller ; put 8 in your Quaient, and fet 27968 under 31114, and 
ſubtra& 2.7968 from 31114, 10 will there remain 3146, which ſet over head ; (© is the 
ſecond part of your Diviſion ended, and your work will appear thus : 

4 3146 
'31rt: 
3496)1709544(48 


13984, 
27968 | | 
Laſtly, Make another Prick under the next figure of your Dividend, which is 4 alſo; 

making the remaining number to be 31464 ; ſeek among your tabulated Rods for this 
number, or the neareſt leſs, but looking you ſhall find the very number, againſt which 
ſands on your Tabellet the figure 9; ſet 9 in the Quotient, and the number 31464 
under the Line, and ſubtraCt it from 31464, the Remainder, which ſtands above the 
Line, and nothing remains; and ſeeing there is. never another figure in your Dividend, 
your Diviſion is ended, and your Work will ſtand thus: and 3496 is contained in 


1709544, 439 times. | 
00000 _ 


3146.. 
| 3013434 
Divifor. 3496)1709544(489 Quotient. 


— 


13984 
27968 


31464 


Another Example, and by another way of Diviſion. 
Let it be required to divide 912456 by 3496. | 
Set down your Dividend and Diviſor, draw a crooked Line for*'your Quotient, and 
alſo make a Prick under the fourth figure of your Dividend, and draw a Line under 
it; ſo is your ſumm prepared to be divided, and will ſtand thus ; 


3496) 912456 ( 


—_——— 


Then your Diviſor being tabulated, look amongſt your Rods for the neareſt number 
to 9124, which is leſs, and you ſhall find it to be 6992, againſt which ſtands on your 
Tabellet the figure 2; ſet 2 in the Quotient, and this number under the Line, and ſub- 
traft it from 9124, and there will remain 2132 : to which number add the next figure 
of your Dividend, namely 5, and it makes 21325, under which number draw a Line, 


then will yonr Summ ſtand thus : | 
3496)912456(2 


6992 
21325 


Then among your Rods ſeek the neareſt number to 21325, and you ſhall find 20996 
to be the neareſt namber leſs,againſt which in your Tabeller ſtands 6 ; ſet 6 in the Quo- 
tient, and 20976 under the Line, ſubtraCting it from 21325, which when you have 


Cone, there will remain 349; to this 349 add the next figure in your Dividend, which 
| Cc : ts 
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is 6, your laft figure, and it makes 3496 3 under which draw a Line, and your 
will ſtand as here you ſee : 7 
3496) 912456 (26 


Work 


\ This done, look atnongſt your Rods for the neareſt Number to 3496, and you ſhall 
find the exa&t Namber at the top of the Rods, againſt which ſtands the Figure 1 on the 
Tabellet, ſet 1 in the Quotient, and ſybtratt 3496 from 3496, the Remainder is no- 
thing ; and ſo is your Diviſion ended, the Work ſtanding thus ; and 3496 the Diviſor, 
is contained in 912456 the Dividend, 261 times. 


3496) 912456 (361 


—_— 


—6992 
, 21325 
. 20976 
3496 


3496 
0000 


' A Third Example ready wrought by the left and beſt way of Diviſion. 
I will only ſet it down ready wrought, leaving the practice of it to your ſelf. 
Let it be required to divide 73020506 by 3496. TE 
3496) 73020506 (208864555 


» 


This Summ thus divided, produceth in the Quotient 20886, and 3050 remaining ; 
ſo that the Quotient, with FraCtion and all, is 20886 455; which ſhews, that 3496 
the Diviſor, is contained in 73020506 the Dividend, 20886 times, and 3050 re- 
maining. ; Xe 

This , HE well prattiſed, together with them beforcgoing, are ſufficient inſtruftion for 
any Student whatever, and he that can perform theſe, need not deſpair of the moſt difficult 
that can be propoſed. And ſo I conclude Diviſion. | 


FY _ —_— 


| CHAP. V. 
Of the ExtraFiom of ROOTS. 


"TI's ExtraCtion of Roots, 'which is the difficulteſt pzrt of Multiplication, is my” 
| ditioully and certainly performed by the Rods, for the caſie and expedite pertor- 
mance of which, there are two Rods on purpoſe, one for the Square, the other for the 


OD — 


| Cube Roor, of which I will ſpeak; firſt, of their Fabrick ; ſecondly, of their Ute. 


of 
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Of the Fabrich of the Rods for exiratting of Roots. 


Of the ſame matter, and of the ſame length and thickneſs of your other Rods, let 
there be made another Rod, but three times the breadth of the former, the [nſcription 
on the one {ide ſerving to extra: che Square, and that on the other ſide for the Cube 
Root, each of which are divided into three Rows or Columns. 

[That which ſerveth for the Square Roor, hath in the top or uppermoſt Square be- 
eween the Diagonal thereof, thete figures 0-1, in the ſecond 0-4, in the third 0-9, in 
the fourth 1-6, in the fifth 2-5, in the ſixth 3-6, in the ſeventh 4-9, in the eight 6-4, 
and in the ninth or lowermolt 8-1, which are the Square Numbers belonging to the 

ine Digits. | 
: In the ſecond Column of the ſame Rod, in the firſt Square is inſcribed 2, in the ſe- 
cond 4, in the third 6, in the fourth 8, in the fifth 10, 1n the ſixth 12, in the ſeventh 
14, in the eighth 16, and in the ninth 18. : 

In the laſt or third Column, there are the nine Digits orderly deſcending, namely, 
1, 2, 3, 4» 5» 6, 7» $, 9- This Rod thus made, is fitted for the Square Root. | 

That which ſerveth for the Cube Root, hath in the top or uppermoſt oa—_ of the 
firſt Column towards the Left Hand, between the Diagonal thereof, theſe figures 0-01, 
jn the ſecond, 0-08, in the third 0-27, in the fourth 0-64, in the fifth 1-25, in the 
ſixth 2-16, in the ſeventh 3-43, in the eighth 5-12, and in the ninth 7-29, which are 
Cube Nu:nbers orderly deſcending.— The ſecond Column of this Rod contains theſe 
Square Numbers, 1, 4, 9, 16, 25, 36, 49, 64, $1, orderly deſcending._——The third 
ard laſt Column of this Rod hath in it the nine Digits, 1, 2, 3, 4, 5, 6, 7, 8, 9, orderly 
deſcending alſo. - | 

This Rod, thus prepared and Inſcribed, is fit for extraCting of the Square and Cube 
Roots, that which -ſerverh for the Square Root having the word Square written by the 
fide, that for, the Cube Roor, hath Cube written by the ſide. 

Thus baving given you the Fabrick and Inſcription of theſe Rods, I will now ſhew 
their Uſe. OS. | 
FIGURE-Y. 


SI. 7he Extrafltion of the Square Root. 


To extraCt the Square Root of any Number, you mult firſt prepare it ; that is, ſet 
down the Number on a Paper; then under the firſt and loweſt figure next the Right 
Hand, make a point with your Pen, and under the third figure mave another, under 
the fifch another Point, and ſo forth z under every ſecond figure of the Number make a 
Point, always leaving between each point one figure unpointed, according to the or- 
dinary Rule by the Pen; this being done, you ſhall ſee how many figures will be ini the 
Root, for ſo many Points as you have, ſo many figures ſhall you bring into the Qnotient 
for the Square Root of the Number given ; next draw a Quotient-Line, as in Diviſion, 
and your Number is ready prepared for Operation, and will ſtand as in the Example 
following, where the Number given is 1 19025, and the Root Square thereof. is requi- 
rel: This Number being ſet, and pointed as afore.is ſhewed, you may perceive that the 
Root thereof will be of three figures, becauſe there be three points 

under the Number given, the two figures belanging to the higheſt 119025 ( 
Point next the Lett Hand are 11. the two figures belonging to the Ea. 
ſecond point are 90, and the two figures belonging, to the third point 
re 25, and the figures for the Root anſwerable to thoſe ſeveral Points, are to be 
found by the Rods, as followeth. , 

' Take the Tabellet, the Rods, and Lamina, and lay them before you; and firſt 
place the Lamina in the Frame next to the Left Hand Ledge, with thar ſide upwards, 
whereupon are the inſcriptions belonging to the Square Root, and marked at the rop 
with the Letter S, then conlider what is the greatelt Square Number in 11, the figures 
belonging to the firſt point; the Lamina preſently ſheweth you that the greateſt Square 
Number in 11 is 9, and his Root is 3, for 3 times 3 is 9; there- | 

fore put 3 in the Qnorient for the firlt figure of the Root : Then 2 

ſet 9 under the 11, and ſubtraCt ir there-from, and there will re- x x go25 (3 
main 2; this 2 ſet over 11, and cancel the 11, as you uſe to doe Ps 
In Diviſion, and ſo you have gained the firſt Figure of the Root, 9 
and the Work will ſtand as in this Example. 
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ing the firſt figure of the Root, to get the ſecond, and fo all the relt in order, 

x led -3 this manner : Double the Root found, which place or tabulate 
unon the Rods between the Lamina and the ledge of the Frame, as in this Example; 
the duple of 3, the Root found, is 6, therefore place a Rod that hath in his top or 
upper Square 6, between the Ledge and the Lamma, then look upon your Number 
iven, what figures or Number it is that belongeth unto the ſecond point, Which you 
ſhall ſee will be 290 in this our Example; then turn your Eye'to the Zamjna and Rod 
now tabulated, and ſearch thereupon what Number will (being leſs yet) come nea- 
reſt unto 290, the Number out of which the ſecond figure of the Root is to be found, 
and there you may ſoon ſee it is the Number 256, which of any Number upon the 


| Rods, leſs than 290, cometh neareſt thereunto; for the next greater Number upon the 


ve 256, is 325, which is greater than 290, and therefore cannot be taken 

pn o* but 4" is the only Number to work withall, againſt which, on the Ledge 
and Lamina, is the figure 4, this 4 muſt you put in the Quotient 

234 for the ſecond figure of the Root, and then ſubtract 256 out of 
rr9925 (34 that 290, and there will reſt 34; this 34 ſer over the 290 in its 
bi fu due place, and cancel the 2go, and the Work will ſtand as in 
— . the Example. If you pleaſe you may write your Numbers to be 
4 ſabtrated under the Number of which SubtraCtion is to be made, 
256 as I have done here in this Example, for inſtruQion ſake; or 
you may omit that, if you pleaſe, being you have them before you upon the 
_— now for the third figure of the Root, look vpon the Number given, and there 
you ſhall ſee that rhe Remainder 34, with the two figures 25 ſtill uncancelled,belonging 
to the third point, being all joyned together, make 3425, out of which the third 6gure 
of the Root is to be extrafted : To find ont what this third figure ſhall be, double the 
Root found already, which is thus done very readily ; take forth a Rod that on his 
top Square hath 8 the duple of 4, the figure laſt found, and this Rod put into the 
Frame between the Zamina and the Rod that: is already tabulated ; this being done, 
you have no more to doe, but to look over the Rods and Lamira, for ſuch a Number 
25 will come neareſt unto the Number*3425, that belongeth to the third point, and is 
leſs than it, and the figure that you fee againſt that Number ſo found, pur in the Quo- 
tient for the third figure of the Root z thus looking upon the 

2 34 Rods you ſhall at the firſt ſight find the very Number. it ſelf 
rx99259 (345 3425, that belongeth to the third point, in the fifth line of 
OR aa Squares, againſt the figure 5, therefore put 5 in the Quatient 


AY | | for the third figure of the Root ; and if you ſubrratt 3425, the 
256 ' Number now found,. from 3425, the Number belonging co the 
3425 third point, there will be no Remainder ; ſo is the Work done, 


- and the Number given, 119025, is a perfet Square Number, 
and the Square Root thereof is 345, which was the thing required to be found. 

Now if you multiply this 345 by it felf, it produceth 119025, the firſt given 
Number ; which proveth the Work to be truly bro gab For note this evermore, that 
for proof of the ExtraCting the Square Root, you maſt multiply the Root found by it 
ſelf, (to the ProduCt adding the remain, if any be,) and the total will produce the firl 
Number given, if the Work be truly wrought ; otherwiſe not. 


SI]. The Extrattion of the Cube Root by the Rods. 


. To extraCt the Cube Root of any Number, you are firſt ro write down the Num- 
ber given, whoſe Root is required, and make a point under the loweſt figure next to 
the Right Hand, and another point under the fourth figure, and .ſo under every 
third figure, omitting between every two points two figures unpointed ; and then ſo 
many points as you have under your Number, ſo many Figures you ſhall have in your 
Root. Next draw a Quotient-Line, as in the Extraftion of the Square Root ; this being 
done, the Number is prepared for Extrattion ; then to find the Cobe Root this is the 

| KV & E: ; 

Firſt, ſee, what is the greateſt Cube Number, in the Number ſFanding above, or . belon- 
ing to the. bigheft point next the Left Hand , which the Lamina wil ſhew mapor 
his left ſide of that Face for the Cube Root, and in the Column, upon the right ſide of 
the ſame Face, is the Root thereof , and when either b your Memory or L:mina, you 
have found the greateſt Cube Root in that Number "ga. to that firſt point, then 
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(as in Extratiion of the Square Kot) ſubtratt the greateſt Cube Number to that for 
Point belonging, or that in the Number to the ſaid firſt Point belonging can be found, 
from the ſaid Number, &c. then cancel it, and ſet the Remainder over bead thereof, 
as before in the Extrattion of the Square Root, and put the reſpettive Digu-number 
found in the Quotient, for the firſt fignre of the Root. Now to find the ſecond fienre 
of the Root, (and ſo of all the reſt how many ſoever they be, ) you muſt always Triple 
the Root found, and that Triple multiply agam by the Raor found, and that laſt Produtt 
rabulate upon che Rods on the left band of the Lamiana, as before in the Extration 

zhe Square Root you aid the donble of the Root found; then look wpon thoſe tabulared 
Rods and Lamina together, and what Namber you can find upon them that will come 
neareſt ro the Number belonging 10 the Number next following , and leſs thay ;t , 
which Number is the Diviſor, and the fignre on the right hand of the Lamina 5s rhe 
the figure of the Root anfwerable to that point, and that figure put in the Quotient 
for the reſpettive figure of the Root, belonging and an[werable to that Poins : Bat note 
always that you take the Diviſor ſo often and no oftener, but that you may yet alſo 
rake another Number from the Number belonging to that Point, which other Nun- 


ber is the Square of the Digit new found, multiplied ito the former Triple; the Pro- © 


duck add to the Diviſor, with this Proviſo, that you place this new Produtt one place 
higher toward the left hand than is the Diviſor ;, that 13 to ſay, ſer the loweſt place of 
that new Produtt under the ſecond place of the Diviſor ,, the total of this Addition ſub- 
tratt from the Number belonging to the Poznt in attion, cancelling the ſaid Number, and 
the Remain ſet over the head thereof, as you uſe to doe in Diviſion, and Extrattion of 
the Square Root ;, and ſo proceed to the next Point, if you have any more : But for the 
the better underſtanding hereof takg the following Example. | 

Example, *Let 110592 be # Number given, and the Cubick Root thereof required; this 
Cubick, Root 15 thus found - | : 

Firſt, Prepare your Number, that is to ſay, write it down, and make a Point under 
2, the firſt hgure thereof next the right hand, and another point under o, the fourth 
figure thereof, leaving two figures between unpointed; then draw a Quotient-line, and 
then the Nuniber will ſtand ready prepared, as in the Margin, with 
two points, whereby it appeareth that the Root will conliſt of two 
figures, which are to be found our according to the former Rule - 
And firſt obſerve that 110 is the number belonging to the firſt 
Point; and upon the Lamina you may alſo obſerve that the greateſt 
Cube Number in that 110 is 64, and its Cube Root 4; therefore 
put 4 in the Quotient, for the firſt figure of the Root; and then 
ſubtrat 64 from 1 10, and there will remain 46 ; this 46 ſet over the 110, and cancel 
110, and the work of the firſt point is done. And here you may now obſerve, that the 
4efpining,' with fbe other figures 592, make 46592; which is the Number belon- 
ging to the ſecond Point, and whereout the ſecond figure is to be found. 

To obtain this ſecond figure, proceed in this manner : Triple 4, the Root found, 
and it is 12; and that triple 12 multiply by the Root found 4, and the Product is 48 z 
this ProduCt 48 tabulate upon the Rods on the left hand of the Lamina, between it and 
the Ledge ; then view over theſe Rods and Lamina thus tabulated, and ſee what Num- 
ber there will come neareſt unto 46592, the Number belonging to the ſecond Point, 
and be leſs than ir, and you ſhall find it to be thar in the ninth Line, 43929, and its 
reſpeQtive figure for the Root is 9: Now ſquare this 9, and It is 81 ; this 81 multi-. 
Ply by the former Triple 12, ard it yieldeth 972; this 972 add unto 43929, the 
Number found on the Rods, ( being ſer in addition one place higher than is ordinary, 
3s Was before ſhewed,) and the total will be 53949; which if you compare with 46592, 
the Namber belonging to the point in action, you-ſhall ſee it is-L00 great-Lo be taken 
out of it; whereby it appeareth that you muſt not take 9 for your Root : for by your 
general Rule you muſt rake the Diviſor no oftner, but that you | : 


.: 6 
XX2592 (4 


6 4 


may alſo take the ProduCt made by the ſquare of that new Digit- 46 | 
number multiplied into the firſt Triple, out of that Number belon- x x9 5$92(48 
Sing to the Cond Point; therefore take a leſs Number upon the . . 

Rods, as the Number 38912 in the eighth Line, which will ſurely G HE HE 
ſerve the turn ; wherefore put 8 in the Quorient for the ſecond fi- 3 $ 912 

gure of the Root ſought for. Now write (if you will) this Num- 768 

ber 38912, juſt under 46592, the Number belonging to the ſaid yo pry 


ſecond point , then according to the Rule, ſquare this Digit 8 new 
found, and it giverh 64 ; this 64 multiply by the former triple 12, 
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and it produceth 768, which write down under the former Number 339 12, ſetting the 
loweſt figure 8 of this new Product directly under 1, the ſecond figure of 38912, ang 
its ſecond figure 6 under the third figure 9, and ſo of the other in order; then add theſe 
two Numbers together, and the total will be 46592, which is equal to that Numher 
above: therefore if ſubtraQtion be made, there will nothing remain, and fo the work 
is ended ; whereby you may conclude that 110592, the Number given, is a right Cy. 
bick Number, and that 48 is the Cube Root thereof, which was the thing required to 
be found. 

Now if you would at any time prove your work, whether you have wrought right 
or not z multiply the Root found cubickly, and add the Remainder (when any is) tg 
that Product, and if the total be the firſt Number given, then the work is truly 
wrought, or elſe not, as here in this Example: If you multiply the Root found 48 by 
48, it is 2304, and this 2304, multiply again by 48, and it produceth 110592, the 
Number firſt given; and therefore conclude the work is truly wrought, 
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KUL  « Prowme, "XP ' 
HE Logarithmetical or Proportional Scales here mentioned, are no other 
. ' than the Artificial Numbers or Logarithms, (whoſe Nature and Conftrufi- 
on is treated of in the firſt Chapter, of Artificial or Logarithmetical Arithmetick ;) 
and. theſe Proportional Lines ('fot:fo 1 ſhall often hereafter cal them) here to be 
deſcribed, are no other than thoſe Artificial Numbers (or Logarithms) transfer- 
rel ſium theſe Fables to Scales Put npow a firereht Ruler, made of Braſs, Wood, 
or Foory, and of any length whatſoever ; (but two Foot is 4 tompetent Length, and 
moſt than, ) and the manner hav to transfer theſe Numbers from the Tables to 
the Scales is Jo we known to all ſuch as make Mathematical Inſtruments, that I 
fbal ſay nothing, concerning their Conſtrultion in this place, but proceed. 
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[tar EHAP. 1. 
How the ſeveral SCALES are to be diſpoſed upon 
the Ruler. 


FIGURE Y, Fiz. V. 


HE Proportional or Logarithmetical Scales upon the Ruler are 4n number Four, 
A -. beſides Equal Parts, Chords, and other Scalcs of frequent Uſe : The four Loga- 
rithmetical or Proportional Lines are as followerh, | 
[. The firſt and uppermoſt, is one ſingle Scale containing almoſt the whole length 
of the Ruler, and is divided, firſt into Ten unequal parts, and thoſe again fub- 
divided into Ten other unequal parts, and thoſe again into Ten, fo often as the 
quantity will admit. | | 
ll. Next unto this Scale and facing of it, are three other Scales of the ſame kind, all 
of equal length, and all three .of them together equal to: the former ſingle Scale; 
and this is called the 7riple Scale : Upob which is alſo the-word Cabe, becauſe ir 
ſerveth to extraZt the Cube Root. FE | 
{I The Third Scale is a Scale of the ſame kind with the firſt, having the figure 1 2 Y 
in the midle chereof, and broken off at either end of the Ruler, at the Numbcr 
31 and 62 handred parts : aud this is called the:Zroken Scale. | 
lV. Underneath this Broken Scale ( and facing of it )-is a double'Scale of the ſame 


nature with all the former, each half whereof is the juſt half of che fixſt (or 4. 
OY SCale : 
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Scale : which Scale hath 1 at the beginning thereof, and is numbered unequally, 
by 1, 2, 3, &c. to 10 in the middle; but that 10 in the middle js numbered on. 
ly by afigure of iF"arid from fhefce, the! Scale i8/divided agaid into ten other of 
the fame unequal-parts, by. 1, 2#%, &c:-t6 10, at the end, f,” Upon the 
lowermoſt halt of this Scale is written Square Ever, and upon the uppermoſt half 
Squre:Odd : This Scale ſerveth to extraCt the;Square Root, 'and-ſheweth whey. the 
Nathber whoſe Square Root is to be extracted conſiſts of m_—_ Odd figutes or 
- Places, upon which half of the Scale the Number js to deicounted. £& | 
Theſe four Scales thus diſpoſed may moſt conveniently be put upon one fide of x 
Two-faot Ruler, together with Inch and Foot Meaſure, as in Figure V. and fo it will 
be a moſt convenient Rule for all kipd of Arithmetical and Metrical Operations ; as 
ſhall at large be taught in this and"the following Parts. And on the other ſide of 
the Ruler there may be other artificial Scales placed, for Aſtronomical, Geographi. 
cal, Horological, and Nautical Purpoſes, whoſe Deſcription and Uſe ſhall be ſhewn 
in their due place; bit here I ſhall only ſhew the Uſe of. the . Four /above-mentioned 
Scales in Arithmetick. | | | 


CHAS. ©» 
NUMERATION uo the SCALES, 


HE Four Scales ( as hath been already declared, ) are all of them of one wr 
ſame nature or kind, and Numeration upon one of them being underſtg6d, 
Numeration upon any of the other will-be underſtood alſo ; and therefore I ſhall: teact 
Numerakion upon the firſt or Single Scale only, andwhat is ſaid of thar, the ſame is to 
be underſtood of all the reſt. | Sp De IV, 

1. This Scale hath theſe Words [. Single Scale } at the beginning of it, and then'the 
figures 1, 2, 3, 4, &c. to 10 at the end of the Scale, Hp 

2, The diſtance between the figures 1 and 2, is alſo divided into 10 other unequal 
Parts, but no figures ſet to them, but ſmall diviſions; the Diviſion at five of thoſe 
parts being a longer Line than the reſt, for the more caſte numbering upon it. 

3. Every one of theſe Ten unequal Diviſions between 1 and 2 4s again divided into 
Ten other ſmaller Diviſions, but not numbered by any figures, but by ſmaller Divi- 
fions than the former, as may be better ſeen in the Figure of the Scale at the end of the 
Tractate, than many words can inform you. 

4. What hath been here ſaid concerning the DivHſions between the figures 1 and 2, 
the ſame 1s to be underſtood of all the other parts ; for as the diſtance between r and 
2, is divided firſt inco Ten unequal parts, and thoſe again into Ten other unequal 
parts; ſo alſo is the diſtance between 2 and 3, between 3 and 4, &c. till between 9 
and 10: But this is to be underſtood, that as'the ſpace between 1 and 2 is. greater 
than that between 2 and 3, therefore the ſubdiviſions of Tens will be alſo lefler; 
and ſo of all the reſt, as between 3 and 4, the ſpace is firſt divided into ten parts, 
and each of theſe but into five parts, each part lignifying two parts: Alſo the ſpace 
between 6 and 5 is firſt divided into ten parts, and each of thoſe into two parts, 
each of which ſignifies five parts; and ſo the ſame between 9 and 10 : and fo the ſub- 
diviſions of the Scale will be more or leſs according as the Scale is in Length. 


Numeration upoz the Scale. 


7. The figures 1, 2, 3, &c. to 10, upon the Scales do ſometimes ſignifie themſelves 
imply, ſometimes ten times themſelves, ſometimes 100 times themſelves. 
Firſt, As when the figure 1 ſignifies only 1, then the ten grand Diviſions between 1 


. and 2 are 1.1, that is 1 and ;*; 1.2, that is 1 and+33 1.3, 8 44; 1.4, 1 2, &c: 


_ "Alſo, 2.1 is 255; 2.2 is 2;3, &c. And every one of the' ten ſmaller ſib-diviſions 
ſignifies hundred parts between 1 and 2; as 1.01 is 1 +355 1.02 is I y;2; alſo 2.04 15 
2 55333 7-08 is 755, Sc. 

Secondly, When the figure 1 ſignifies 10, then 2 is 20, 3 is 30, &c. and 16 1s 100; 
and then the firſt grand diviſion after every figure is 10.1, 20:1, 30.1, Cc. that is, 
IO775, 20 53, 3055» &c. The ſecond grand diviſion is 10 42, 20 133 &c. andi one of 
the ſinaller ſub-diviſions is 10555, 20 ;;5, 30/52 &c. : 

| Thirdly, 


£ 
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Thirdly, When the figure 1 kgnifes 100, then 2 iS.200, 3 Is 309, Ec. and 1o at 
the end is 1000. And then, the firſt grand Diviſion after. each. figure is 110, 210, 
310, &c. And every of the ſmaller ſub-diviſions 1s :25, 5333 333» Ec. And beyond 
theſe Numbers I think no Man will expect to work by Inſtrument; and therefore ler 
this ſuffice for Numeration upon the Scales: For what is ſaid. concerning this lingle 
Scale, the ſame is to be underſtood of all the other, as the Double, Tripte, and bro- 


ken Scales. , 


_——_— 
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C HA 8. m6 3 
MULTIPLICATION ty the SCALES. 


N Mult) plication there are three Terms, viz. the Maltiplicand, the Multiplier, and 
| the Produdt. And to work Multiplication upon the Scales, this is the 4 
«4 RULE: -4 / 
The exrent of the Compaſſes from 1-10 the Multzplicand, ſball reach the ſame way from 
the Muitiplier to the Produtt -:Qr,. The extent from 1 to the Anltiplier, ſhall reach the 
ſame way from the Multiplicand to the Produtt. | 


The Proportion being, " ol 
Malttiplicand Multiplier | 
As 1 to ths 4 Multiplier, i ſo is the 3 Multiplicand, to the Produtt. 
The following Examples will 'make this plain. | : 


Example 1. Let it be required to — 9g by F, , M.. 

Extend the Compaſſes (upon the ſingle Scale) from 1 to 9, (the Multiplicapd,) the 
fame extent will reach from 7 (the Multiplier) to 63, (the Prodn&t.) Te. 

Or, The: extent of the Compaſſes between 1 and 7, will reath from 9 to 63 the 


Produdt, as beforc. | | | | 
Example 2. Let 21 be multiplied by 3. _ Ep 
Extend the Compaſſes from 1 (at the beginning af the double Scale) to 3, the ſame 


extent ſhall rea@h from 21 to 63, the Product. : | 
Or, Extend the Compaſſes from 1 (in the middle of the double Scale, (now called 

10,) apwards to 21, the ſame extent will reach from 3 to 63, the Produtt, as before. 

| - again by the ſingle Scale, the extent from 1 to 3, will reach from 21 to63, the 
Produft. | | | | 


Example 3. Let it be required to. multzply 4.3 by 8. | 
Extend the Compaſſes from 1 at the beginning of the double Scale to 4.3, the ſame 


extent will reach trom 8 (in the lower part of the Scale) to. 34-4, the Produdt. 
Or, The extent of 'the Compaſſes from 1 at the beginning,of. the double Scale to 8, 
will reach from 4.3 to+ 34.4, the. Produtt. k | I 
Example 4. Let 5:25 be to be multiplied by 9.75. 
Extend the Compalles fram 1 at the beginning of the double Scale to 4.75, the 
lame extent will reach the ſame way from 5.25, to 24.93, the Product. 
Or, The extent from 1 to 5.25, will ,reach from 4.75, to 24-93, as befote. 
Example 5. Ler 36.3 be to be multiplied by 23.5. . 
Extend the Compall:s from 1 to 23.5, the ſame extent will reach from 36-3 to 
53.05. 


———. 
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| CHAP. IV. 
DIVISION by the SCALES. 


N Diviſion there are three Terms, viz. the Dividend, the Diviſor, and the Quo» 
tient: And to work Diviſion upon the Scales this is the . 
| | RULE: 
| The extent of the C ompaſſes from the Diviſor 10 1, ſhall reach from the Dividend (counted 
the ſame way) to the Quotient : Or, the extent from the Diviſor to the Dividend, (bali 


reach the ſame way from 1 to the Quotient. 
D 4d | : The 


_—_ 
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£ The Proportion being, 
As the Diviſor is to the Dividend, fo is 1 to the Quotient. 
Or, As the Diviſor is to 1, ſo is the Dividend to the Quotient. 
Examples will make this plain, 
Example 1, Let it be required t0 divide 63 by 7. | 

Extend the Compaſſes from 7 the 'Diviſor (in the lower part of the double Scale) 
downwards to 1, the ſame extent will reacl{ from 63, the Dividend, downwards to g, 
the Quotient. 

oo The extent from 7, the Diviſor, upwards to 63, ſhall reach from 1, at the be- 

.  ginning of the Scale, upwards to 9, the Quotient. 
| Example 2. Let it be required to divide 63 by 3. | 

Extend the Compaſſes from 3, the Diviſor, downwards tO 1, the ſame extent will 
reach from 63, the Dfvidend, downwards to 21, the Quotient. 

Or, The extent from 3, the Diviſor, upon the ſingle Scale, upwards to 63 the Diyi- 
dend, the ſame extent will reach upwards from 1 to 21, the Quotient, as .be- 
fore. | : 

| Example 3. Let it be required to divide 34- 4 by 4-3. 
p Extend The Compaſſes from 4.3, the Diviior, in the lower part of the double Scale, 

upwards to 34-4 , the ſame extent will reach from 1 at the beginning to 8, the 

Quotient. | 

Or, the extent from 4-3, in the lower part of the double Scale, downwards to 1, the 
ſame extent will reach "£64 34.4 downwards to 8, the Quotient, as before. 

Example 4. Let ie be required to divide 24.93 by 5.25. 

Extend the Compaſſes from 5.25, the Diviſor, in the lower part of the double Scale 
upwards to 24.93, the Dividend, the ſame extent will reach from 1 at the beginning 
to 4-75, the Quotient. | '» BEE : 

Or, The extent from 5.25 downwards to 1 at the beginning, will reach downwards 
from 24.93, the Dividend, to 4.75 the, Quotient, as before. 

Example 5. Ler it be required to devide 853.05 by 36.3. | 

Extend the Compaſſes from 36.3, the Diviſor,(counted in the upper part of the dou- 
ble Scale) upwards to 853.05, the ſame extent will reach from'1 in the middle upwards 
to 23.5,the Quotient. x 

And let theſe Examples ſerve for Diviſion, they being the converſe th thoſe in Mul- 
tiplication; and therefore ſerve to prove each other. | | 


— 


CHAP. V. 


The. Rule of Three (or Proportion) Dire& and Re- 
© werſe by the Scales, © 


Ns 1. Of the Dire Rule. 
TH E Direct Rule of Three, teacheth how by having thtee Numbets given, to 
find a fourth in Proportion to them; and for the working of it by the Scales this 
is the® #& RULE: | 
Extend the Compaſſes from the firſt Number to the Second, the ſame extent will reach 
from the third to the fourth: Or, the extemt from the firſt Number to the third, will 
reach from the ſecond to the fourth. 
| The Proportion bein 
As the firſt is to the ſecond, ſo is the Kird to the fourth. 
Or, As the firſt is to the third, ſo is the ſecond to the fourth. 
| Examples to explain this, 
Queſtion 1. If 4 Shillings buy 77 Yards or Pounds of any C ommodity, how many Tards or 
Pounds will 12 Shillings buy? 
Here the Terms given are 4,7, and 12, of which the the firſt and third, viz. 
4 and 12, are of the ſame Denomination, viz. both Shillings; and the ſecond Term, 
iz. 7, 1s of another Denomination, viz. Yards or Pounds ; and of the ſame Denomi- 
nation with that muſt the fourth Term which is required be. | 


Wherefore 
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W here{ore extend the Compallcs from + (the firſt Term,) to 7 (the ſecond Term,) 
the ſame extent*will reach from 12 (the third Term,) to 21 which is the fourth Num- 
ber (or Term) required ; and ſo many Yards or Pounds of any Commodity will 12 
Shillings buy. 76 

Or, The extent from 4 to 12, will reach from 7 to 21, as before. 

Queſtion 2. If the length of the ſhadow of any apright Building (as a Steeple, &c. ) be 76 

Foot, and at the ſame time the length of the ſhadow of a walking-ſt af { or the like) be- 
ing 3 Foot long, caſt uus ſhadow 75 Foot : How high is that Building, as a Steple, or 


the like ? 
The Proportion is, | 
As 7 Foot, the length of the ſhadow of the Staff, 
Is to 3 Foot, the length of the Staff; 
So is-76 Foot, the length of the ſhadow of the Building, 
To 32.57, that is 32 Foot and 7 Inches for the heighth of the Building. 

Wherefore extend the Compalles from 7 downwards to 3, the ſame extent will 
reach from 76 downwards, to 32.57 the heighth required. | 

Or, The extent from 7. upwards to 76, will reach from 3 upwards to 32.57, as 
before. _ | {4+ 

Queſtion 3. JIf 5 Fathom of Rope or Cable do weigh 22 Pound, what will 42 fathom of 
the ſame Cable weigh ? | 

Extend the Compaſlles from 5 to 22, the ſame extent will reach from 42 to 18,.8, 
and ſo many pound will 42 fathom of the ſame Cable weigh. | 

Or, The extent from 5 to 42, will reach from 22 to 184.8, as before. 

| 2, Of the Reverſe Rule. « : 

As in the Dffre&t Rule, ſo much as the third Term is greater than the firſt, ſo much 
the fourth is greater than the ſecond ; ſo contrarily in this Rule Reverſe, by how 
much the third Term is leſs than the firlt, by ſo much is the fourth Term leſs than 
the ſecond. For, To 


As 2 is to 4, ſois6 to 12 DireCt. 
| Contrarily, As 12 is to 6, ſo is 4 to 2 Reverſe, 

And for the working of this Reverſe, or backward Rule of Three, upon the Scales , 
this is the . RUOLE:-: | 

Extend the Compaſſes from one Term to the other of like Denemination, the ſame extent 

bring laid the comrary way from the other Term of the other like Denomination, ſhall 
reach to the Number which will anſwer the Queſt ion. | | 
Examples of this Rile. x | 
Queſtion 1. If 80 Men will doe a piece of Work in 12 Days, in how many Days will 40 
Men doe the ſame piece of Work ? 

It is apparent that fewer Men (as 40) muſt have longer time than more Men 
ay 80.) therefore the fourth Term muſt be greater than the ſecond; where- 
ore, | 
Extend the Compaſſes from 80 downwards to 40, (the Terms of like Denominati- 
on, 42. Men,) the ſame extent will reach the contrary way, viz. upwards, from 12 
(the Number of the other Denomination, viz. Days) to 24, the Number of Days that 
40 Men will doe the Work in. 

Queſtion 2. If a Board, being 12 Inches broad, requires 12 Inches in length to make a 
Square Foot ; how many Inches in length will make a Foot Square, when the Board 1s 18 
Inches broad ? | 

Extend the Compaſſes from 12 upwards, to 18 (the two Terms of breadth,) the 
the ſame extent will reach from 12, (the middle Term of length,) downwards to 8 
laches, (the fourth Term of length;) for the greater breadth, the leſſer length. So 
again, 

If 18 Izches in breadth require 8 Inches in lenath to make a Foot , what length will 7 
Inches in breadth require ? 

Extend the Compaſſes from 18, downwards to 7 (the two Terms of breadth,) the 
lame extent will reach from 8, (the Inches of length,) upwards to 20.57 Inches; for 

length to make a Square Foot, at ſeven Inches broad. 
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CHAP 


Some other Uſes of the Scales in Proportions of ſeveral 
kinds. | 


$ I. Two Numbers being given to find a third, fourth, fifth, &c. in continual Pro- 
| | ' portion Geometrical. 


TO? perform this upon the Scales, this is the 
; ee et ſhall reach 
The extent of the Compaſſes from one of the given Numbers to the other, ſhall reach (the 
ſame _—_ from _—_— to 4 third, and from that third to a fourth, &c. 
Example 1. Ler the Numbers given be 1 and 2. | 
Extend the Compalles from 1 (at the beginning of the double Scale) to 2, the ſame 
extent will reach from 2 to 4, from 4 to 8, from 8 to 16, from 16 to 32, from 32to 
64, from 64 beyond the Line ; wherefore (keeping the Compaſſes till at the ſame 
extent, ) ſet one Foct in, 64 (counted in the lower part of the double Scale,) and 
the other will reach from 64 to 128, and from 128 to 256, from 256 to 512, &c. 
ad infnitum. | 


6 II. Between two Numlers given, to find a Mean Proportional Number, 


A Mean Proportional is fuch a Number, which being multiplied in it ſelf, the Pro- 
duCt ſhall be equal to the Product of the two given Numbers multiplied by each other; 
and to find ſuch a Number by the Scales, this is the 

RULE: 

The extent of the Compaſſes from one of the given Numbers to the other, (taken upon the 
double Scale,) that diſtance applyed, ro the Leſſer of the given Nambers upon the broken 
Scale, ſhall reach the ſame way to the Mean Proportional Number ſought. 

Example. Let tbe rwo given Numbers be 8 and 18. 
Extend the Compaſles from 8 to 18 upon the double Scale, the ſame extent will 


reach from 8 upon the broken Scale to 12; ſo is 12 a Mean Proportional between $ 


and 18; for 13 multiplied by 8, produceth 144, and ſo doth 12 by 12 produce 


144- | | ; 
| A Practical Example of this Rule. 

Queſtion. There 3s a piece of Land which is 32 Rod long, and 8 Rod broad, which con- 
tains 256 Square Rods; how long muſt the ſide of a Square piece of Land be which ſhall 
contain the like Number of Square Rods ? | 

Extend the Compaſles from 8 to 32 upon the double Scale, that excent applied to 

the broken Scale, will reach from 8 to 16 ; and ſo many Rod long muſt the ſide of the 
Square piece of Land be; for 32 multiplied by 8 produceth 256, and ſo mach doth 16 
by 16 produce. | 


$ II. Between two Numbers given, to find two Mean Proportional Numbers. 
Example. Ler the two Numbers given be 4 and 32. | 


Extend the Compaſles from 4 to 32 upon the Triple Scale, theſame extent will 
reach from 4 (the leſſer Number,) upon either the ſingle or broken Scale to 8, for the 
firſt Mean, and from 8 to 16 the other Mean. 

For the Product of 4 by 32 is 128, and ſo is the Produdt of 16 by $ alſo 128. 

: A Practical Example of this Rule. 

Queſtion. There is an Iron Shot or Buller, whoſe Diametre is 2.78 Inches, and it weighcth 
3 pound ; what ſhall the Diametre of ax Iron Shot be which weigheth 71 pound ? 

Extend the Compaſles upon the Triple Scale from 3 to 71, the ſame diſtance appli- 
ed from 2.78 on the ſingle Scale, will reach to 8, the Diametre of the Shot required. 


CHAP. 


Part IV. Inſtrumental A RIT. HM ETICK. 


197 


CHAP. VI. ' 
To find the Square Root of any Number by the Scales, 
boh with and without Compaſſes, 


-- Work may be performed diverſe ways, and by ſeveral of the Scales, and as 
they are here diſpoſed both with and without Compaſles; and the manner how to 
find the Square Root will beſt appear by Examples. 
Example 1. Let 3t be required to find the Square Root of 36. 
1. By the ſingle Scale and Compaſſes. | 

Extend the Compaſſes from 10 at the end of the Scale downwards, (becauſe the 
Number of figures in the given Number are even,viz.two,) to 36,half that diſtance will 
reach from 10 downwards to 6; which is the Square Root of 36. | 

Example 2. Let the Square Roor of 256 be required. 

Extend the Compaſles from 1 at the beginning of the Scale, upwards to 256, 
(becauſe the Number of figures in the given Number are odd, 44z. three,) half that 
diſtance will reach from 1 at the beginning of the Scale, upwards to 16, which is the 
Square Root of 256. | | 

| . 2. 'By the double Scale and Compaſſes. | 

Extend the Compaſſes from 1 in the middle, downwards to 36, half that diſtance 
will reach from 1 in the middle downwards to 6, which is the Square Root of 36. 

,  Alfenxtend the Compalles from 1 in the middle, upwards to 256, half that diſtance 
will reach from 1 in the middle to 16, the Square Root of 256. 
x | 3 By the double Scale, and the broken Scale joyntly. 

Extend the Compaſſes from 1 in the middle of the double Scale, upwards to 36, the 
ſame extent will reach from t at the beginning of the double Scale, to 6 in the broken 
Scale, which is the- Square Root of 36. 7 | 

Alſo extend the Compaſſes from 1 at the beginning of the double Scale, to 256 upon 
the fame Scale; the ſame extent will reach from 1 in the broken Scale, to 16 in the 
ſame Scale, which is the Square Root of 256. 

4+ By the double and broken Scale joyntly wthour Compaſſes. 

You are firſt to conſider whether the Number of figures in' your given- Numher 
(being Integers or whole Numbers) be even or odd ; if they be even, as 2, 4,6, 
8, 10, &c. or odd; as 3,6, 9, 11, &c. If the Number of places be even, count 
the Number in the lower part of the double Scale, but if the Number of figures be 


| » odd, count the Number in the upper part of the double Scale; in either ot which 


Caſes, right againſt your given Number found in the double Scale, you ſhalt find the 
Square Root thereof in the broken Scale. | | 

So if you count 36 in the lower part of the double Scale, right againſt ic in the 
broken Scale you ſhall find 6, which is the Square Root of 36. 

Alfo, if you count 256 in the upper part of the double Scale, right againſt it in the 
broken Scale ſtands 16, which is the Square Root of 256. 2 

Example 3. Ler 5276 (a number conſiſting of even places) be given, and let the Square 
thereof be required. 

Count the given Number 5275 in the lower part of the double Scale, and right 
3painſt it in the broken Scale you ſhall find 72.65; which 1s the neareſt Square 
Root of 5276. : | 

Example q. Let 72796 (being a Number of odd places) be given, and the Square Root 
thereof 55 required. 

\ Count 72796 in the upper part of the double Scale, and right againſt it in the bro- 
ken Scale, you ſhall find 296; which is the near Square Root of 72796. 


A Root being given t0 find the Square thereof -by the Scales, both 
with and without Compaſſes. 


1. By the ſingle Scale with Compaſſes. 
Example t. Ler 6 be a Roor given, and let the Square Root thereof be required. 
Extend the Compalles from 1 to 6, and that extent will reach from 6 to 36, the 
Square thereof. | Exatvple 
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Example 2. Let 16 be a Root given, and let the Square thereof be yequired. 

Extend the Compaſſes from 1 to 16, the ſame will reach from 16 to 256, the Square 
thereof. 

2. By the double Scale and Compaſſes. 

This is done in all reſpefts as the former, for the extent from 1 in the middle to 6, 
will reach from 6 in the lower part, to 36 in the upper paft, for the Square of 6. 

Alſo, The extent from 1 at the beginning to 16, will reach from 16 in the upper 
(or lower) parts, to 256 the Square of 16. | 

3. By the double Scale and broken Scale without Compaſſes. 
Example 3. Let 6 be a Root given, whoſe Square is required. 

Count 6 upon the broken Scale, and right againlt it in the double Scale you ſhall 
find 36, the Square thereof. 5 | 

Alſo, Count 16 upon the broken Scale, and right againſt it in the Couble Scale, you 
ſhall find 256 for the Square of 16. 

4. Other ways by the ſame Scales. 

1. When the given Root conſiſts of one ſingle figure, ſeek that figure in the broken 
Scale, and againlt it in the double Scale you ſhall have its Square ſo 2 being the Root 
given, that tound in the broken Scale againſt ir ſtands 4, the Square thereof: Alſo 
againſt the Root 8 in the broken Scale, itands 64, the Square thereof in the double 
Scale. 

2. When the Root given conſiſts of two figures, ſeek it in the broken Scale as be- 
fore, and againſt it in the double Scale is the Square thereof; ſo 20 being the Root, 400 
will be the Square thereof, by adding of two Cyphers to 4, for this reaſon, 23z. Look by 
how. many figures or Cyphers you increaſe the Root more than on the Scale is expreſſed, 


_ twice ſo many figures or Cyphers muſt be added to the Square: For when 6 upon the 


broken Scale is called 60, (increaſed by one Cypher,) then 36 mult be called 3606, 
(increaſed by two Cyphers ; alſo when 7 is called 500, (increaſed by two Cyphers,) 


| then 49 the Square thereof muſt be called 490000, (increaſed by 4 Cyphers.) 


3. When the Root conſiſts of three figures,ſeck it (as before) in the broken Line,and 
againſt it in the double Line you ſhall have the Square thereof ; ſo 146 being the 
Root, which found in the broken Scale, againſt it is 21316, by adding of four figures 
to the 2 upon the Scale, ſtanding againſt 146: Alſo the Square of the Root 450, will 
be found (by the foregoing reaſon) to be 202500, &c. But to more places than theſe, 
I preſume none will attempt to approach by any Inſtrament how large ſoever. 


———— 


CHAP. VIII. 


To find the Cube Root of any Number by the Scales, 


both with and without C ompaſſes. 


x þ 'His Work may be performed ſeveral ways, and by ſeveral of the Scales, as by the 
Examples follbwing will appear. 
Example 1. Ler 216 be a Number given, whoſe Cube Root 
1, By the ſingle Scale and Compaſſes, 
Extend the Compaſſes from 10 at the end of the Scale downw 
ſingle Scale, one third part of that diſtance will reach from 10 do 
is the Cube Root of 216. | 
Again, Let the Cube Root of 1728 be required. 
| The extent of the Compaſles between 1 and 1728 upon the ſingle Scale, being di- | 
vided into three equal parts, that diſtance will reach from 1 to 12 which is the Cube 
Root of 1728. | ' 
2. By the ſingle Scale, and the _ Scale, which face each other withour Compaſſes. 
When any Number is given, and the Cube Root thereof is required, you mult firſt 


conſider whether your given Number conſiſts of 1 or 10 pl ouyeny” 
places ; or of 3, 6, or 9 places. 9h 73 places, of 2, 5, or 


is required, 


ards to 216,upon the 
wnowardsto 6, which 


If 
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| 1, 4, 7, OT 10, ? places, it muſt C Firſt, | YE 
If it confiſt of ; 2, 5,0r $, 6 " counted , Second, 6 ant - =_ Triple 
3, 6, Or 9, upon the £©C Third, _ 

For the Triple Scale, as it is divided into three parts, ſo'alſo is it humbered by three 
diſtinct Denominations; the firſt whereof is numbered by 7, 2, 3, &e. ro 10 at the 
end; the ſecond part by 10, 20, 30, &c, to 100 at the-end thercofy the third part 
by 100, 200, 300, &c. to 1000 at the end thereof. | 

But the number of figures in the __ is according to-the Number of points that 
the Number given is capable of by extraftion by the Pen, the Number being always 

inted at the firſt, fourth, ſeventh; anf 10 figure, and ſo forwards; as in this Num- 


ber following. 


—— — 


$279167325 


And ſuch a Number as this is, will have four Integers in the Root of ir. 
. Examples of theſe three Varieties | "Pp 
i. Let'$ be the Number giveo ; this counted upon the firſt part of the Triple Scale; 
apainſt it onthe ſingle Scale ſtands 2, the Cube Root of 8. | 
2. Let 27 be the Number given ;, this counted upon the ſecond part of the Triple 
Scale, againlt it on the ſingle Scale ſands 3, which is the Cube Root of 27. | i 
3. Let 512 be the Number given ;. this counted upon the third part of the Triple 
Scale, againlt it on the _— Scale you will find 8, for the Cube Root of 5 12. 
Thus for Numbers whoſe Root conſiſts of one ſingle Digit; now for Numbers whoſe 
Root will conſiſt of two figures. ATE; 707 
, 1. Let the Number given, be 5859; count this Namber in: the firſt part of the 
Triple Scale, againſt it you ſhall find 19 in the ſingle Scale, which is the Cube Roo. 
of 6359. = £ ; 
o_ 91125 be the Number given z which being counted, upon the ſecond part of 
the Triple Scale, againſt it in the ſingle Scale ſtands 45, which is the Cube Roox 
thereof. | Es: 
3. Let 474552 be the given Number, this counted upon the third part of the Tri- 
ple Scale, will point out 78 in the ſingle Scale, which is the Cube Root thereof. 
And thus for Numbers whoſe Roots conſiſt of two figures : Now for Numbers whoſe 


Roots conſiſt of three figures. 


\ £6,397 [ z Fu { 7 þ y= 
So if the Num- J 1 16 97 08 3\ which counted Second aries 227 _—_ 


- 


ber given were . . on the , ne 
Il ; 
} TXEDT79 \ ric, E MY / as\ "” 


To find the Cube Number belonging t0 any Cube Root given. 


The Root being found upon. the ſingle Line, dire&tly againſt ic upon the: Triple Line 
is the Cube Number anfwerable to the Root given. . | 2 Et; 

But When the Root is increaſed by one figure, the. Cube, Number muſt be increaſed 
by three figuresz when the Root is increaſed by two figures, the Cube Number mult be 
incteafed by fix figures, &e. _ EE Ea. . 
_ Example : The Cube of 2 is 8. the Cube of 4 is 64, the Cube of 9 is 729, directly 
& the figures upon the Scales give it. | 2). 

But the Cube of 20 (where the Root 2 is increaſed by one figure) 1s 8000, (the, 
Number upon the Scale increaſed by three figures,) and the Cube of 80 is 5i2000, being 
three figures more than 512, the Number upon the Scale. | SI 

Again, The Cube of 150 being two figures more than, 13 (or 1.50,) is increaſed by 
ix figures more than 3;3:4, the Cube of 1.50, viz. 3375000. | 

The Cube of a whole Number, and a Fraction is found as any whole Number. 

Example : The Cube Root of 38;5 is 3;:, &c. But to pretend to FraCtions of grea- ce 
ter Numbers by the Scales, will but fruſtrate your expectation: but a Cube Root in, 
Integers, may be given to four places, by a large Scale. And let this ſuffice for the 


Square and Cube Root by inſpeCtion. ”— 
CRAP 
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CHAT 1 
Of the ReduTion of V! par Frafions to Decimal 
ER 7 


As the Denominator of the Vyulgar Fraftion, 
Is to the Numerator of the ſame Fraction 
So is 1, (or Unity,) . 
To the Numerator of a Decimal Fraftion (or part,) whoſe Denomi. 
tor is an Unite, with ſo many Cyphers as there are figures in 
| the Numerator.' - i ali: 2, 6 | 
Example Tt. Let it be required to reduce \ to a Decimal Part. . 
* I. By the ſingle Scale. 

Set one Foot of the Compaſſes upon 4, the Denominator of the given F ration, and 
extend the other downwards to 3, the Numerator of the ſame Fraftion, the ſame ex- 
tent will reach from to, (or 100,) at the end of the Scale, to .75 which is the Decimal 
Fraftion anſwering to 2 : For as 4 of a pound ſterling, or 205. is 155. or 4 of a Foot is 
9 Inches, ſo .75 is : of a Foot, the Foot being divided into 100 parts. 

2. By the double Scale. 
Example 2. What Decimal Part ſhall be equal to +7 ? 
Extend the Compaſſes from"21 downwards to 7, the ſame will reach from 1 in the 
* middle of the Scale downwards to .33, which is the decimal part anſwering to -2. 
Example 3. What Decimal part ſhall be equal to 55 ? 

Extend the Compaſſes from 54 downwards to 26, the ſame extent will reach down- 

wards from 10 (or 1000) at the end of the Scale, to .482 almoſt, which is the Deci- 


mal part equal to ;7- 


6 was; Proportion for effecting of this, Work is, 


L—— 


CHAE 
Of Simple Intereft by the SCALES, 


His Work will be belt jlluſtrated by propoſing and anſwering ſome Queſtions here- 
unto belonging. 

Queſtion 1. /f 109 li. in 12 months mill gain 6 li. Intereft, what will 326 li. gain in 
the ſame time ? | : 
As foo is to 6, ſo is 236'to 19.56. 

By the double Scale. 

Extend the Compaſſes from 1 (in the middle) downwards to 6, the ſame extent will 

reach from 326 downwards to 19.56 i. which reduced, as is taught before in Decimal 

Arithmetick, is 1945. 115..24. 29. and ſo much will 326 4. amount unto in a 


ear. | EP 
, Queſtion 2. What will the Intereſt of 175 1i. 185. 11 4. (or 175.95,) at 61i. per 
Cent. for « year amount unto ? | 

Extend the Compaſſes from 1 in the middle downwards to 6, the ſame extent will 
reach from 175.95 to 10.554; Which reduced, is 1045. 115. 2: d. 

Queſtion 3.' What will the Intereſt of 784 li. for 9 months amount uno, at 6 li. in the 
100 li. for 4 year ? 

This will require two Operations, and therefore two Proportions. 

1. As ICO1sto 6, fo is 784 to 47.04. 
2. As 12 M. is to 47.04, ſo is 9 M. to 35-28, 

T7. Extend the Compaſſes from 1 in the middle downwards to 6, the ſame extent 
will reach the ſame way, from 784 to 47.04, which is the Intereſt of 78, /;. for a 
year. 

2, Fxtend 


part IV.  & Tnſtrumemal ARITHMETICK.. ad 
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2. Extend the Compaſlles from 12 months to 47.04, the ſame extent will reach the 
Gme way from 9 Months to 35.28; which reduced, is 3545. 5s. 74. 19. the Intereſt of 
784 1i. for 9 months. _ , | 

Queſtion 4. If 7 recezve 601i. 8s. 4d. (or 60.162, for the Intereſt of 755 li. 53. 
(or 755-25, for 4 year, What Rate of Intereſt have 1 for my Money ? 

The Proportion is, 
As 755-25 Is to 60.162, ſo is 1004. to 81i. | 

Extend the Compaſles from 755.25 downwards to 60.162, the ſame extent will reach 
the ſame way from 100 to 8, which was the Rate of Intereſt required. 


GpEr—_———_—_—_—_—_— 


CHAPF.. X* 


0f ANATOCISM, or Compound Inerefh, 
by the SCALES. 


His Rule alſo will beſt appear by reſolving of Queſtions thereunto belonging ; of 
T which 1 ſhall inſtance theſe few following : 

Queſtion 1. Unto what Summ of Money will 143 li. 10s, (or 143.5,) be increaſed in 

10 years, accounting Intereſt upon Intere#t, at 6 per Cent? , 
The Proportion 1s, 
As 100/11. is to 1C6 4. fo 1s 143.545. to 257 5. 

Extend the Compatlles from 100 to 106, upon the Single Scale, the ſame extent be- 
ing ſet unto 143.5, and turned over from thence upon the ſame Scale, will (at the 
tenth remove) reſt upon 257 5. and unto ſo much will 14313. 10s. be increaſed in 
ten years. 

Queſtion 2. What is 275 li. to be paid at the end of ten years worth in preſent Money, 
diſcounting Intereſt upon Intereſt, at 6 per Cent? | | 

This'is the Converſe of the former Queſtion ; wherefore extend the Compaſles from 
100 to 106, as befSre ;z then ſer one point upon 257, and turn that diſtance down- 
wards upon the Scale ten times, and at the tenth remove, the Compaſs point will reſt 
upon 143.5 {i. and ſo much is 257 5. due at ten years end, worth in preſent Money. 

Queſtion 3. What is a yearly Rent or Annuity of 101i. a year forborn four years, worth 
at $11. per Cent. Compound Imereſ(t ? | | 

The Proportion is, 
As 8. is to 100i. ſois 1045, to 125 hi. 

Extend the Compalles from 8 to 100, the ſame extent will reach the ſame way from 
1010 125 ; then (by the firſt Queſtion) you may find that 1251;. forborn four years 
at 8 per Cent. will be worth 170 {5. from which ſumm ſubtract 125 i. and there will 
remain 45 /i, and fo much will the Rent or Annuity, with the forbearance, of four years, 
be worth in preſent Money at 8 per Cerr. | 

Queſtion 4. What is a Leaſe or Annuity of 121i. 4a year to continue earſ; worth in 
ready Money, at 10 li. in the 100, Compound Intereſt % I6y . 

The Proportion 1s, 2 
As 1c. is to 10045. Principal, ſo is 1215. to 12015. Principal. 

Extend the Compalles from 10 (upon the Triple Scale) to 100, the ſame extent will 
reach from 12 unto 120: Then find by the foregoing Queſtion, what 120 /:. being 
forhorn 16 years, will be worth preſently, which will amount unto 551 4. Principal 
and Intereſt ; from which take 120 5. the Principal, and there will remain 431 4. the 
Arrears : Then by the ſecond Queſtion, find what 431 {;. due after the expiration of 
16 years, is worth in preſent Money at 10 per Ceyr. the anſwer will be 93/:. 145. and 
lo much is the Leaſe or Annuity of 12 /j. per Anmum for 16 years. 

Queſtion 5. What Annuity to continue 16 years will 500 li. purchaſe, the Parchaſer to 
have 10 li. per Cent. profit for .-his Money ? | 

By the lait Queſtion it was found that 93 5. 14s. (or 93-77.) will purchaſe 12 14. 
2 year for 16 years, at 101i. per Cent. Which known, 

The Proportion ts, 
As 93.7 i. is to 12, ſo is 5004. to 64 15. 
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| Extend the Compaſſes from 93.7 to 12 the ſame extent will reach (the ſame way) * 
from 500 to 64 /i. and ſuch an Annuity for 16 years will 5004, purchaſe, and the + 
Purchaſer have 10/i. per Cent. Compound [Intereſt for his Money. ; 

Many more Queſtions of this nature might be propoſed and wrought by the Scales, © 
as alſo Queſtions in all the other Rules of Arithmetick, but let theſe ſuffice; and : 
for the farther Uſe of theſe Scales in other kinds of Menſurations, &c. they ſhall * 
be ſhewed in their due places. 


The End of the Fourth Part, and of the Firſt Bok 
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GEOMETRY 
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oy Proeme. 
Of the Antiquity, Progreſs, and Benefir, of Geometry. 


EOMETRY, which Philo the Few calteth the Princeſs and Mother of all 
Sciences, hath properly its Name from Meaſuring the Earth ; and is cal- 
kd of the Greeks Tewpereia, of yn, i.e. Terra, and yerpiw, i.e. metior ; and 
therefore Architas, a famous Geometrician, by Horace was caled Menlorem. 
is Science had its firſt original in ESY Pr; for when Nilus with its Inundatj- 
on drowned and confounded the Limits and Boundings of their Lands, certain of 
the moſt ingenious Inhabitants ( neceſſity ——_ them) found out ſome Rules 
of Geometry, by the benefit whereof ( after the fall of the Water) every one had 
bis portion of Ground allotted to him again. Out of Egypt Thales brought it in- 
to Greece, where it received great perfetion, and almoſt extended to its preſent 
maurity. The Utility and Benefit of this maſt excellent Art, is of ſuch impor- 
tance, that without it we can ſcarcely live, much leſs preſerve our ſelves from 
dawer, or hinder the irruption of foreig® Enemies ; for by the Rules bereof the 
Gedetian may meaſure, plot, and give you the true $ pony} 6 Situation, and ſu- 
perficial Content of your Lands ;- ſearch out all manner of Highths, Depths, and 
Diftances, whether they be acceſſible or inacceſſible : The Military Architeft may 
bereby fabricate his " fa : The General, or Major, embattail his Army: The 
Quarter-maſter order and ſet out his (Quarters, and incamp his Soldiers: The 
Emincer plant ovis. Cannon, convey his Mine to any aſſigned place under the Ground, 
to dee executicn upon his Enemy to their greateſt diſadvantage. Neither doth the 
benefit of this Science terminate in theſe terreſtrial praftices upon the ſuperficies 0 
the Earth only, but it extendeth to the Menſuration of the Celeſtial Bodies alſo, 
diſcrvering the Magnitudes, Mations, Appears, a pray of the, Sun, Moon, 
Planets, and pm, tars ; and ſalveth the Phxnomena of that heroick Hypotheſis 


of Copernicus, of the Stability of the Sun, and Motion of the Earth ; and confuteth - 


(by demonſtration) the abſurd Conjetures uf 'the Ancients concerning its Species. 
And yet farther, by help hereof, the complete Sciographer can cauſe the Sun to trace 
at is way upon the Earth ; and by the Shadow of an Axis, 'to F 097 aut unto us 
thiſe Atomes of Time into which our artificial Day is artificially divided. In fine, 
how aſſiſtant it 3s to all perſons in general, as well as particular, thoſe that are 
Proficients in Opticks, Trochilihe Perſpettive, Geography, &Cc. do well know. 

Ee 3 SECT. 
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Figure 
Il. 


Figure 
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S.ECT.. L | 
Geometrical DEFINITION S. 


I. 4 Point is that which hath no Part. 


Hat is, it hath no Parts into which it ſhould be divided : So that a Point is the 
leaſt thing that by Mind or Underſtanding can be imagined or conceived, than 
which there can be nothing leſs ; as the Point or Prick ſigned by A. A 


Il. A Line is a Length without Breadth. 
FR SE OO 
. A: . ———TE 
There pertain to Quantity three dimenſions, Length, Breadth, and. Depth, (or 
Thickneſs, ) of whictr a Line is the firſt, and hath Length only, without Breadth or 


Thickneſs; as the Line A B, which may be divided into parts, either equally in th 
point C, or unequally in the point D. 


III. he Ends or Limits of a Line are Points. 
8 A ———\ 


For a Line hath its beginning from a Point, and likewiſe endeth in a Point,z as the 
Points'A.and'B, are only: the ends of the Line A B, and are no. parts thereof. - - 


IV. A Right Line is that which lieth equally between its Points. 


* As the Line A B, which lieth ſtreight and equally between the Points A and B, and 
not bending or ſwerving on either ſide, as the Lines ACB, and ADB do; ſo thata 
Right Lineris the ſhorteſt diſtance that can be drawn between Point and Point. 


V. 4 Saperficies is that which hath only Length and Breadth. 


A Superficies is the ſecond kind of Quantity, and is capable of two dimenſions, iz. 
Length %nd Breadth; as the Superficies ABCD, whoſe Length is from A to B, or 
from Cto D; and its-breadth from A to C, or from B to D. 


VI. The Extremes ( or Limits) of a Superficies are Lines. 


As the Ends, Bounds, or Limits of a Line are Points, .ſo the Bounds or Limits of 2 
Snperfictes are Lines ; as the Superficies ABCD is bounded or limited by the four 
Lines AC and B D limiting the Breadth, and AB and CD the Length thereof. 


VII. 4 Plain Superficies is that which lieth equally between its Lines. 


As the Plain Superficies AB CD lieth equally between the two Lines AB and CD, 
between A'C and B D; and as a Right, Line lieth equally between its Points, ſo a Plain 
Soperſicies lieth equally between its Lines. 


VIIL 4 Plain Angle is an Inclination (or bowing) of two Right Lines the one to 


the other, and the one touching the other, and not being direftly joyned 
togetber. | 


As the two Lines AB and BC incline the one to the other, and touch each other in 
the Point B; in which Point, by reaſon of the Inclination of the ſaid two Lines, is 
made the, Angle A B.C: But it the two Lines which incline one to the other, do when 
they meet make one ſtreight Line, then do they make no Angle at all; as the Lines DE 


and EF incline one to the other, and touch each other in the Point E, and yet they 
iake no Angle. | 


: IX. And if the Lines which contain ef he Angle be Right Lines; then it js called 3 


:  Right-lined Anzle. 


| As the Angle ABC is a Right-lined Angle, becauſe it is contained of the two Right 
Lines AB and CB. 


And 


_— 


—__—_—— 
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xere note, That an Angle ( for the moſt part ) is denoted by three Letters, Figure 
which the middlemoſt Letter repreſents the Angular Point, as in the Angle 111, 
C, the Lerter B denotes the Angular Point. = 

oked-lined Angle is that which is contained of Crooked Lines, as F G H. 

t Angle is that which is contained of one Right Line and one Crooked Line, 

, and may be variouſly figured. | | 

gles there are three kinds, viz. Right, Acute, and Obtuſe, whoſe Definitions 

WW. 


s a Right Line ſtanding upon a Right Line maketh the Angles on either 

e equal, then either of thoſe Angles is a Right Angle; and the Right Line 

ch ſtandeth eredted is called a Perpendicular Line to that upon which it 

wdeth. 

m the Right Line C D, ſuppoſe there do ſtand another Right Line A B, in Figure 
that igwaaketh the Angles ABC and ABD, on either ſide of the Line AB, IV- 


2n are 8th of thoſe Angles ABC and ABD right Angles; and the Line AB, 
tdeth ereted upon the Line C D ( without inclining on either fide) is a Per- 


Wtuſe Ange is that which is greater than a Right Angle. 


ingle CBE is an Obtuſe Angle, it being greater than the Right Angle ABC, Figure 
intity of the Angle ABE. | V. 


Acute Angle is that which is leſs than a Right Angle. 


Angle EBD is an Acute Angle, it being lefs than the Right Angle ABD, by 
ty of the Angle ABE. | | 


Limit, or Term, is the End of any thing, | 
ach as there is no Quantity (or Magnitude) of which Geometry entreateth, 


v Bounds or Limits; as Points are the Bounds or Limits of Lines; Lines ot 
+; and Superfictes of Solids, (or Bodies.) 


Figure is that which is contained under one Limit or Term, or many. 


Figure A is contained under one Line or Limit, B under two, C under three, Figure 
our, E under fix, &c. which are their reſpeCtive Bounds or Limits. VI. 


Circle is a Plain Figure, contained under one Line, which is called a 
Tircumference, (or Peripherie,) unto which all right Lines, drawn from 

we Point within the Figure, and falling upon the Circumference thereof, 

wwe equal the one go the other. | | 
"Figure BCD, contained under the one crooked Line BCD, is a Circle, Figure 


cumference is BCD, and in the middle thereof is a Point A, from which all y11. 
Lines AB, AC, AD, drawn from that Point to the Circumference B CD, 


d that Point A is called the Centre of the Circle. 

Diametre of a Circle is a Right Line, which, drawn by the Centre there- 

of, and ending at the Circumference on either fide, divideth the Circle 

mto Two equal parts. pw 

Line BAC is a Diametre, becauſe it paſſeth from the Point B of the Circum- Figure 
1 the one ſide, ro the Point C on the other ſide; and paſleth alſo by the Point y111. 


1 1s the Centre of the Circle; and moreover it divideth the Circle into two * 
as, namely B DC above, and BE C below. Ee 


A Semicircle is a Figure which is contained under the Diametre, and under 
that part of the Circumference which is cut off by the Diametre. o 


AC is a Semicircle, and alſo BDC. 
| XIX. A 
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7. 4 Point is that which hath no Part. 


xHat is, it hath no Parts into which it ſhould be divided : So that a P 
| leaſt thing that by Mind or Underſtanding can be imagined or conc 


which there can be nothing leſs; as the Point or Prick ſigned by A. / 
Il. A Line is a Lenzth without Breadth. | =, 
Lid | 3 mw 
a |—|—— B 


There pertain to Quantity three dimenſions, Length , Breadth , and L 

' Thickneſs, )-of which a Line is the firſt, and hath Length only, without. 

; Thickneſs; as the Line A B, which may be divided into parts, either equ 
point C, or unequally in the point D. 


II. 7he Ends or Limits of a Line are Points. | 
* A—— ——— 
For a Line hath its beginning from a Point, and likewiſe endeth in a Poi 
Points'A and B, are only. the ends of the Line A B, and are no. parts thereoi 


IV. A Right Line is that which lieth equally between its Points. 


Figure _* As the Line AB, which lieth ſtreight and equally between the Points A t 
I. not bending or ſwerving on either ſide, as the Lines ACB, and ADB do 
Right Lines the ſhorteſt diſtance that can be drawn between Point and Pol 


V. A Superficies is that which hath only Length and Breadth. 


Figure A Superficies is the ſecond kind of Quantity, and is capable of two dime, 
il. Length %nd Breadth; as the Superficies AB CD, whoſe Length is from , 
from Cto D; and its-breadth from A to C, or from B to D. 


VI. The Extremes (or Limits) of a Superficies are Lines. 


As the Ends, Bounds, or Limits of a Line are Points, .ſo the Bounds or L 
Superficies are Lines ; as- the Superficies ABCD is bounded or limited b 
Lines AC and B D limiting the Breadth, and AB and CD the Length there-. . 


VII. 4 Plaiy 'S uperficies is that which lieth equally between its Lines. 


Figure As the Plain Superficies AB CD lieth equally between the two Lines AE 


111, between A'C and B D; and as a Right.Line lieth equally between its Points. 
Saperſicies hieth equally between its Lines. 


VIIL 4 Plain Angle is an Inclination (or bowing) of two Right Lines \ 
the other, and the one touching the other, and not being direh, 
together. 


As the two Lines A B and B C incline the one to the other, and touch ea 
the Point B, in which Point, by reaſon of the Inclination of the ſaid twe 
made the Angle A B.C: But it the two Lines which incline one to the other 
they meet make one ſtreight Line, then do they make no Angle at all; as the +. 


and EF incline one to the other, and touch each other in the Point E, and: 
make no Angle. | | . 


IX. And if the Lines which contain he Angle be Right Lines; then it is 
"—_ * _ » Right-lined Antte. . 


As the Angle ABC is a Right-lined An le, becauſe it is contained of the t1 
Lines AB and CB. G w ANY l 
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And here note, That an Angle ( for the moſt part ) is denoted by thees Letters, 
of which the middlemoſt Letter repreſents the Angular Point ; as in the Angle 


ABC, the Letter B denotes the Angular Point. | 
A Crooked-lined Angle is that which is contained of Crooked Lines, as F G H. 


A Mixt Angle is that which is contained of one Right Line and one Crooked Line, 


as K LM, and may be variouſly figured. - 
- Of Angles there are three kinds, vjz. Right, Acute, and Obtuſe, whoſe Definitions 


follow. 


X, When a Right Line ſtanding upon a Right Line maketh the Angles on either 
fide equal, then either of thoſe Angles is a Right Angle ; and the Right Line 
which ſtandeth eretted is called a Perpendicular Line to that upon which it 
flandeth. | | 

As upon the Right Line C D, ſuppoſe there do ſtand another Right Line A B, in 
ſach fort that ig<aaketh the Angles ABC and ABD, on either ſide of the Line AB, 

val, then are 8th of thoſe Angles ABC and ABD right Angles; and the Line AB, 
which a: ereCted upon the Line C D (without inclining on either fide) is a Per- 
pendicular. 


Xl. Au Obtuſe Ang/e is that which is greater than a Right Angle. 


As the Angle CBE 1s an Obtuſe Angle, it being greater than the Right Angle ABC, 
by the quantity of the Angle ABE. | 


XII 4n Acute Angle is that which is leſs than a Right Angle. 


As the Angle EBD is an Acute Angle, it being lefs than the Right Angle ABD, by 
the quantity of the Angle ABE. 


XII, 4A Limit, or Term, is the End of any thing, 

Foraſmuch as there is no Quantity ( or Magnitude) of which Geometry entreateth, 
bat it hath Bounds or Limits; as Points are the Bounds or Limits of Lines; Lines ot 
Superficies ; and Superficies of Solids, (or Bodies.) | 


XIV. 4 Figure is that which is contained under one Limit or Term, or many. 


As the Figure A is contained under one Line or Limit, B under two, C under three, 
D under four, E under ſix, &c. which are their reſpeCtive Bounds or Limits. 


XV. 4 Circle is a Plain Figure, contained under one Line, which is called a 
Circumference, (or Peripherie,) unto which all right Lines, drawn from 
ene Point within the Figure, and falling upon the Circumference thereof, 
are equal the one gs the other. 


&s the Figure BC D, contained under the one crooked Line BCD, is a Circle, 
whoſe Circumference is B CD, and in the middle thereof is a Point A, from which all 
the _ Lines AB, AC, AD, drawn from that Point to the Circumference B CD, 
are equal. 


XVI. And that Point A is called the Cengre of the Circle. 

XVII. 4 Diamerre of a Circle is a Right Line, which, drawn by the Centre there- 
of, and ending at the Circumference on either fide, divideth the Circle 
mto Two equal parts. 


As the Line BAC is a Diametre, becauſe it paſſeth from the Point B of the Circum- 
ference on the one ſide, ro the Point C on the other fide; and paſſleth alſo by the Point 
4, which is the Centre of the Circle; and moreover it divideth the Circle into two 
equal parts, namely B D C above, and BE C below. ; 


XVIIL 4 Semicircle is a Figure which is contained under the Diametre, and under 
| that part of the Circumference which is cut off by the Diametre. 
As, BAC is a Semicircle, and alſo BDC. 


XIX. A 
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Figure 
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Figure 
IV. 


Figure 
V. 


Figure 
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Figure 
VII. 


Figure 
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Figure 
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Figure 
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Figure - 


Figure 


Figure 
XII. 
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XIX. 4 Sefion, or portion of a Circle, is a Figure which is contained under a Right 
Line-and a part of the Circumference, greater or leſſer than a Semicircle, 


A right Light drawn from one ſide of the Circumference of a Circle, divideth the 
Circle into two unequal parts or Seftions; as the Line F G divideth the Circle 
DBFEGC into two unequal SeCtions, namely, into the Section FBDCG, greater 
than a Semicircle, and into the Seftion F EG, leſſer than a Semicircle. 

The Semidiametre of a Circle is half the Diametre, or it 1s any Right Line drawn from 
the Centre to the Circumference of the Circle, as the Lines AB, AC, AD, in 
Fig. 7. are all of them Semidjamerres, and wt 1s often times called the Radius of 
the Circle. , 


XX. Right Lined Figures are ſuch as are contained under Right Lines. 


Of which ſome are contained under Three, ſome under Four, Five, Six, or more 
Right Lines; but no Right Lined Figure can conſiſt of leſs than three Right Lines. 
mY 


XXI. Three fided (or Trilateral) Figures are ſuch as are contained under Three 
Right Lines. 


As the Figure ABC is a Figure of three Sides, for that it is contained within the 
limits or bounds of the three Right Lines AB, BC, and CA: And a Figure of three 
Sides is called a Triangle. 


XXII. Fonur fided (or Quadrilateral) Figures, are ſach as are contained under 
Four Right Lines. 


As the Figure EF GH, is a Four ſided (or Quadrilateral) Figure, for that it is con. 
tained, limitted, or bounded, under the four Right Lines DE, EG, GF, and FD, 


XXIIL Many fided Figures are ſuch as have more Sides than Four. 


As theſe Figures, H, K, L, and infinite others. 

And here it is to be noted, That every Right Lined Figure hath as many Angles as it hath 
Sides, and taketh its Denomination as well from its number of Angles as of Sides; as a 
Three fided Figure from its Three Sides, and a Triangle from its Three Angles, alſo a 
Four ſided Figure 1s called a Quadrilateral, from its Four ſides, and a Quadrangular 
Figure, from its four Angles, &C. | : 


XXIV. Of Trilateral Pigures, (or Triangles.) An Equilateral Triangle is that 
| which hath Three Equal Sides. 


Triangles have their differences partly of their -Sides, and partly of their Angles: 
As touching the difference of their Sides, there are three kinds; For, 1. Either all the 
Three Sides are equal z and then it is called an Equilatgal Triangle, as is the Fi- 
gure A: Or, 2. Two only are equal, and the third unequal; and then it is called an 


Tſoſceles, as is the Figure B : Or, 3. All the Three Sides are unequal; and then it is cal- 
led Scalenum , as is the Figure C. =. 


XXV. 4» Orthigonium (or Right Angled Triangle) is a Triangle which hath 
one Right Angle. 


As there are Three kinds of Trianglesby reaſon of the diverſity of Sides, ſo there 
are Three kinds alſo by reaſon of the diverſity of Angles: For every Triangle cot- 
taineth either 1. One Right Angle and two Acute Angles, as the Figure D; and then it 
is called Orthogonium, the Angle at E being a Right Angle, and the two other Angles 
at F and G being Acute: Or, 2. The Triangle hath one Obtuſe Angle and two Acute, 
as is the Figure H; and then it is called Ambligonizm, the Angle at K being Obtuſe, 
and the other two at L and M Acute: Or, 3. The Triangle hath all the Three Angles 


Acute, as is the Figure R, all whoſe Angles, at N, O, and P, are Acute, and ſuch a 
Triangle is called Oxigonium. 


e 
XXVI. Of Four fided Figures Cor Quadrilaterals) a Quadrate or Square, is that 
whoſe Sides are equal, and whoſe Angles are right. 


As Triangles have their difference and variety, by reaſon of their Sides and Angles» 
ſo have Quadrilateral Figures alſo. | And 
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" And Firſt, Of four ſided Figures. If all the Sides be equal, and the Angles right An- Figure 
ples, as the Figure O, whoſe Sides A B, BC, CD, and DA, are all equal, and the x11; 
ſeveral Angles at A, B, C, and D, are Right Angles, then ſuch a Figure is called a 


Quadrate or Square. — : 
Secondly, A four ſided Figure having one Side 7 Square-like, as the Figure 


P, having the Sides EF and GH longer than thie Sides E G, and FH, and all the Angles 
at E, F, G, and H, right Angles, then ſuch a Figure is called a long Square, or a Reftan- 


led Parallelogram. . | 

Thirdly, If the Quadrilateral Figure have four equal Sides, but not right Angles, as 
the Figure Q, whoſe tour Sides K L, LM, MN, and NK, are all equal, bur the Angles 
arK and M are obtuſe, and the Angles at L and N are acute Angles, ſuch a Figure is 
called a Rhombns, or Diamond Figure. PS, 

Fourthly, If thz Quadrilateral Figure have its two oppoſite Sides, and oppoſite An- 
gles equal each to its oppoſite, as the Figure R, whoſe oppolite Sides S T and V X are 
equal, and the other two Sides SV and TX alſo equal, and alſo the Angle at S equal 
to that at X, acute; and the Angle at T equal to that at V, obtuſe;- ſuch a Figure is 
called Rhomboyades, or Diamond-like Figure. | , 


XXVII. Al! other Quadrilaterals, or Four Sided Figures, (befides thoſe laſt men- 
tioned,) which have neither equal Sides, nor equal Angles, are called 
Trapezia, or Tables. | 
As are the Figures W and Z. 


XXVIIL Parallel (or :equidiſtant) Right Lines are ſuch, which being in the ſame 
Superficies, and infinitely produced on both Sides, would never meet: 
A | = 
Comes D 
And ſach are theſe two Lines AB and CD. 


XXIX. 4 Parallelogram is a Quadrilateral Figure, whoſe oppoſite Sides are pa: 
 rallel, or equidiſtant. - | 

And ſuch are the Figures EFGH, and ST VX; of which that which is noted*with . 

P is called a right angled Parallelogram, in reſpeCt of its right Angles, the other noted 
with R being oblique. | 
And here note alfo, That a Parallelogram although it conſiſts of four Sides, as that 
noted with P, whoſe Sides are EF, FH, GH, and GE, it is repreſented by two 
of the oppoſite angular Points; ſo is that Parallelogram E F G H, called the Pa- 
rallelogram EH, or FG; and the Parallelogram ST V X, (noted wich R,) is 

. Called the Parallelogram T V or $ X: | 


XXX. In every 49m ih when a Diamette aud two Lines are drawn parallel 
to the two Sides, cutting the Diametre in the ſame Point, ſo that the 
Parallelogram be divided into four Parallelograms, thoſe two oegs 
which the Diametre paſſeth not, are called Supplements, or Comple- * L 
ments; and the other two, through which the Diametre paſſeth, are 
called the Parallelograms ſtanding about the Diametre ; and the two 
Supplements, and any one of the Parallelograms which ſtand about the 
Dtametre, are called a Gnomon. @ 

In the Parallelogram ABCD, when the Diametre CB is drawn, and two'Lines GH Figure 

and E F parallel to the two Sides AB and BD, cutting one the other in the Diametre Yj11. 

12 the Point K, then is the Parallelogram AB CD divided into four Parallelograms, 

vz. into the two Parallelograms AK and KF, which are the two Complements, or 

Supplements; and into the two Parallelograms E H and G F, the Paratlelograms about 

the Diametre ; and the Parallelograms A K and K D, together with the Parallelogram | 

EH, is called a Gnomon, and is joyned by the circular Line OPR. l o® | 


XXXI. Equal Circles, are ſuch whoſe Diametres are equals or whoſe Lines drawn 


from the Centres are equal. 


The Circles A and B are equal, as their Diametres CD and EF are equal: Or, they Figure 
. are XIV. 


FN — 


tt. 
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are equal, becauſe their Semidiametres (or Lines BC and AE, drawn from their Cen- 
. tres, ) are equal. | 


XXXIL 4 Right Line is ſaid to touch a Circle, which touchetls the Circumference 
or Peripherie of the Circle, and being produced cutteth it not. 
- Figure As the right Line E F, drawn from the Point E, paſleth by a Point of the Circle at 
XV. G, to the Point F, only touching the Circle G H, but cutteth it not z and ſuch a Line 
is alſo called a Tangent Line. ; 


XXXIIL A Sefor of a Circle 7s (In Angle being ſet at the Centre of the Circle) 
a Figure contained under the two Right Lines which make that Angle, 
and the part of the Circumference recerved by them. 


Figure The Angle at the Centre A, which is made by the two Lines B A and AD, and the 
VII. part of the Circumference B D contained between them ; that is, the Figure BAD is 
2 Seftor of the Circle BCD; alſo the Figures DAC and BAC, are all SeCtors of the 

ſame Circle. | | | 


XXXIV. 4 Right lined Figure is ſaid to be inſcribed in a Right lined Figure, 
when every of the Angles of the Figare inſcribed do touch every of 
the Sides of the Figure in which it 1s inſcribed. 


Figure As the Triangle LO M, is inſcribed in the Triangle K NP, for that the ſeveral An- 
XvI. glesof the Triangle LOM, do touch the Sides KN, NP, and P K, of the Triangle 
KN | 


XXXV. A Right lined Figure is ſaid to be circumſcribed about a Right lined Fi- 
| gure, when every one of the Sides of the circumſcribed Figure tou- 


cheth every one of the Angles of the Figure about which it is circum- 
ſcribed. | 


So the Triangle K N P is ſaid to be circumſcribed about the Triangle L O M, becauſe 
the Sides thereof KN, KP, and NO, do touch the Angles L, M, and P, of the Tri- 
angle LOM, about which the Triangle K N P is circumſcribed. 

And note, That what 1s here ſaid of Triangles, the like is to be underſtood of all 
other Figures: As the five ſided Figure QRSTYV is inſcaibed in the five ſided Fi- 
gure ABCDE, becauſe the Angles of the' Infcribed Figure, Q RS T andV, 
do touch every of the Sides AB, BC, CD, DE, and EA, of the circumſcribed 
Figure ABCDEE. / | 


XXXVI. A Right lined Figure is ſaid to be inſcribed in a Circle, when every one 


of the. Augjes of the Figure inſcribed do touch the Circumference of 
the Cre.” ; 


Figure - So the Triangle G H K, and the Quadrilateral F igure GLM N, are both of them in- 
XVII. - ſcribed within the Circle GLHMKN. 


XXXVI. 4 Circle is ſaid to be inſeriled in a Right lined Figure, when the Cir- 
| cumference of the Circle toucheth every one of the Sides of the Fi 
gure within which it is inſcribed. 
Figure So the Circle ABCD is inſcribed within the Triangle OPQ, becauſe the Circum- 
XvIn. ference of the Circle toncheth all the Sides thereof; as the Side O P in B, OQinC, 


and PQ in D; and it alſo toucheth' the Sides of the Square RS T V, within both 
which Figures the Circle ABCD is inſcribed. Y | 


XXXVIIL. 4 Part is a leſs Magnitade im reſpedt of a greater, when the I:ſs mea- 
©» Jureth the greater. © 


A leſs Quantity is ſaid to meaſure a greater, when the leſs being taken from the 
greatex,.as any Himes as It may, - there ſhall nothing-remain: - Let the Line AB contain 
3, and the Line C D 9; then doth the Line AB meaſure the Line CD: For if AB 3, 
be taken as often as It'cap from CDg, (which will be three times,) there will nothing 
remain; therefore AB, the leſs Magnitude, meaſtreth the greater CD, 


But 


”g 
—— PISS 
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But any Quantity may be ſaid to be a leſs, in compariſon of a greater Quantity, whe- 

ther the leſs do exaCtly meaſure the greater or nor. 
| As ———_— T2 EO > C1 —4B 

Suppoſe the Line AB to be 17, and let it be divided in the point C, namely into 
AC 12, and CB 5: Now either of theſe Lines is a Part of the whole AB, but neither 
of them do tneaſure it; for if CB 5 be taken 3 times, it maketh bur 15, ſo there will 
want two parts Of 17 ; if it be taken 4 times, it will make 20, which is three parts 
more than 17: Alſo for the other part AC 12, if that be taken once from AB, it will 
he bot 12, and {> will want 5 of 14; and if«t be taken twice, it will be 24, which is 
7 more than 17 3 ſo that rfeither of thoſe parts will meaſure exactly the whole, and yet 
either of them may be ſaid to be a leſs Magnitude in reſpect of the whole AB, though 


neither of them do exactly meaſure it. 


XXXIX. Multiples is a greater Magnitude in reſpett of a leſſer, when the leſſer 
| meaſareth the greater. 
This is evident from the firſt part of the laſt Definition, where AB 3 meaſureth 


CDs, and therefore 9 is Multiplex to 3: So in oth 2s 12 Is Multiplex to3; for 12 
is the greater Magnitude, and 3 may be taken 4 times from it, for 4 times 3 is 12, &c. 


XL. Proportion (or Ratio) is the mutual habitude, or reſpe, of two, Magnitudes 
of the ſame kind according to Quantity. Nb 


2 D h 

WM | 

FL t 

} Þ A ' 
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BC. B cum 

That is, of one Number to another Number, one Line to another Line, one Fi. 
gure to another Figure of the ſame kind : But Quantities' of divers kinds cannot be 
compared together ; as a Figure to a Line, nor a Solid to a Superficies, &c. for that 
they are not of one kind. Now if two Quantities be compared together, the one Quan-= 
tity is to the other either equal, greater, or leſſer. An Example of two Lines, A B and 
CD, compared the one to the other, according to ſome certain reſpet of greatneſs, 
leſlneſs, or equality : Then let AB be greater than CD, and contain it twice ; now 
this habitude or reſpe&t of AB to CD is called Proportion, ( or Katio,) as in. the firſt 
twoLines. Likewiſe, if A B be equal to CD, as inthe ſecond two Lines.. Or, if AB 
be leſs than C D, as in the third two Lines. It is likewiſe the ſame in Numbers; for, 


$to 52)” Equal to Equal. 
Compare < 6 to 3 Pit is & Greater to Leſs. 
4 to 8 . Leſs to Greater. 


And fo of any other Quantities of the ſame kind, And the Quantities thus compared ' 
together are generally called the Terms of the Proportion or Ratio; and of the two 


Terms that which is compared is called the Antecedent, whether it be equal, greater, F 
or leſſer; ard the ſecond, namely that to which the compariſon is made, i lled the _— 


Conſequent, whether it be equal, greater, or leſs.” 


CAB CD AB 5: ce : 
wif 4C DGte compared 09 B Cthengc Doi Antecedent,and SA B c Conſequent. 
I2 l2 | 2 | 
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XLI. Proportion is a Similitude of Ratio's. 


That which is here termed Proportion, is more rightly called Proportionality, or 
Analogy; for Proportion commonly denotes no more than the Rario between two 


Magnitudes. | 


A+ 4 — — Ct —————— 6 


B—_—L DIA ——_z 


As if you would compare the Ratio of the Line A, which is 2, to the Line B, which 
is1; and the Line C, which contains 6, to the Line D containing 3, either Propor- 
tion is Dupla, and may be called double Ratzo. ; 

So in Nambers, 9 to 3, and 21 to 7, gither of which are triple; for 3 times 3 is 9, 
and 3 times 7 is 21; and this iscalled triple Ratio. . 

And here note, That Proportions compared together, are ſaid to be like ; but Mag- 

nitudes ſo compared are ſaid to be equal one to the other. 


KLIL Thoſe Magnitudes or Numbers are ſaid to have a Proportion (or Ratio) 
between them, which being multiplied may exceed one the other. 


A. 4 [| PB = 


| | ” ME 


Let the Line A be multiplied by what Number ſoever, as by 2, ſo will it be the Line 
B; by 3, and it will be the Line C; or any other Number, as 2 and an half, 7 and a 
quarter, &c. between which Lines A, B, and C, there is a Proportion : For the one re- 
—_—_ unmultiplied, and the other being certain times multiplied, ſhall be greater 
an It. 
So 3 to 24 hath a Proportion; for leaving 24 unmultiplied, and multipling 3 by 9, 
you ſhall produce 27, which is greater than 24, &c. | 


XLIIL. Magnitudes are ſaid to be in the ſame Ratio, the firſt to the ſecond, and 
the third to the fourth ; when the Equimultiplices of the firſt and the 
third, being compared with the Equimultiplices of the ſecond and fourth, 
according to any Multiplication, either (together) exceed one the other, 
are equal one to the other, or are leſs one than th e other. 


Ar ———— El _————— bn 
B-—I— - Gi —— 

Cr _—— F| 1 1 
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Let A BCD be four Magnitudes: Now if you take the equimultiplices of A and C, 
the firſt and the third, (that is, if you multiply A and C by the ſame Number,) as ler 
the Mulciplex of A be E, and the Equimultiptex of C be F: Alſo, if you multiply B 
and D, the ſecond and fourth, by any one Number, whether it be by that by which you 
multiplied A and C, or by any greater or leſſer Number, as let the Multiplex of B be 
G, and the Equimultiplex of D beH :. Now if the Equimultiplices of A and C, be 
both greater than thoſe of B and D; that is, if the Multiplex of A, be greater than the 
Multiplex of B, and the Multiplex of C, greater than the Multiplex of D; or if 


they be both leſs than they, or both equal to them, then are the Magnitudes A B, and 
CD, in ae and the ſame Proportion. | 


In Numbers, 8 to 6 hath a Ratio, alſo 4 to 3 hath a Ratio; now to ſee whether 


they be in the ſame Ratio, ſet them in order as in the Example ; then multiply $ and 


4, the firſt and third Terms, by 3, and they make 24 and 12 ; alſo multiply % and 3, 


the 
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the ſecond and fourth Terms of the Rario, by the 
ſame, and they make 18 and 9. Now you fee 24 12 
that the triple of 8, the firſt Term, namely, 24, Firſt = 0 Thir & TY 
exceeds the triple of 6, the ſecond Term, 18; and 
the criple of 4, the third Term, 12, exceeds the triple gecond 6 Fourth 3 
of 3, tbe fourth Term, 93 wherefore the Numbers 8 TS | ah 
nds, and 4 and 3, are in .the ſame Ratio; becauſe Me 
(by the firſt part of the Definition) the Equimultiplices of $8 and 4, (the firſt ahd 
third) do both of them exceed the Equimaltiplices of the ſecand-and fourth. 

Again, Take the ſame Numbers 8 and 4, and multi- 
ply them by 3 3 ſo ſhall you have 24 for the firſt, and 12 
for the third, as before: Then for 6 and 3, multiply _ 24 | BET Tk 
them by 4, and they produce 24 and 12. Now here you Firſt 8 Third 4 
ſe that the Equimultiplices of 8 and 4,the firſt and third, 


are equal to the Equimultiplices of 6 and 3, the ſecond Second 6* Fourth 3 
and fourth ; wherefore (by the ſecond part of the Defigi- 24 12 
tion,) the Numbers given are in the ſame Rario. | 

Again, Take the ſame Numbers 8, 6, 4, 3, and mulri- 
ply $and 4, the firſt and third, by 2, whereof will come oy g 
16and8: Alſo multiply 6 and 3, the ſecond and fourth,  — hes - 
by 3, whereof will come 18 and 9. Now here you ſee, Firſs 8 Third &4 
that the Equimultiplices of 8 and 4, the firſt and third 
Terms, age both of them leſs than 18 and 9, the Equi- Second 6 | Fourth = 
multiplices of 6 and 3, the ſecond and fourth Terms: 1$ 6< 5 "i 


And ſo (by the third part of the Definition) the Num- 
bers propoſed are in the ſame Rar7o. ; 


XUV. Magnitudes that have the ſame Ratio, are eafled Proportional. 


A oo GO C — ' —_—_ 
> I T2 
3 "a 2 : 

" If the Line A have the ſame Proportion to the Line B, as the Line C hath to the 
Line D; then are the four Magnitudes, A, B, G, D, called Proportional. | 

Afoin Nambers, 9 hath the ſame Rats to 3, as 12 hath to 4; ſo theſe Numbers 
9,3, 12, 4, are Proportional: And this likeneſs of Rario,. is called Proportionali- 
"A 


This Proportionality is of two kinds, either Continual or Diſcontinual., 
meg Proportionality is, when the Magnirudes ſet are ſo joyned rogether, that 


Second, & "qu is con- £-y Third: 


ſequent to 
' Fourth, the Third, Fifch, &&c. 


9 that ery quantity. in this Proportionality, is both Antecedent and Conſequent, 
Ucept the oe LU! 


| FR, X::2 - Antecedent- ___»C followeth. 
2, : which 1s only ; | ow that which 
Laſt, Conſequent went before. 


An Example in theſe Numbers . 16, 8.41 2, 1 - for what Proportion +6 hath to 8, 
oſs 4 4 bath to 2, and 2 hath to 1,” for. they are all in double Rario, or Propor- 
«All | 


. 


$ is Antecedent ro ted 


| | None 
x "aſl ; 2 Second, O _ 
econ Y Third, | 16 SECO 
4>the < Third > is Antecedent to : the Fourth, and Con- 8>the JThird. 
} ':- }Fourth + Fiſth, (Ben ourttr. of 
I CFifth O | 2 
None © 


Diſcone 


—_— 
TY 
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Diſcontinual Proportionality is when the Magnitudes are not continually ſer ag 
before they were, but have their Terms diſtin : As the firſt is Antecedent to the ſe- 
cond, ſo is the third Antecedent to the fourth. , | Os 

In Numbers thus: As 8 is to 4, ſo is6 to 3; for either Propor:ion 1s duple, and 
hath its own Antecedent and Conſequent diltinCt 3 8 and 6 being Antecedents, and 4 
and 3 being Conſequents : And by reaſon of this diſcontinuance in the Proportionality , 
the quantities compared may be of divers kinds, as Superficies to Superficies, Body to 


Body, as in Lines and Numbers. _. 


XLV. When of Equimultiplices the Multiplex of the firſt Magnitude exeeedeth 
that of the ſecond. but the Multiplex of the third exceedeth not the Multiplex of 
the fourth ; then hath the firſt to the ſecond a greater Proportion, than the third 


hath to the fourth. 
| » 


- 0 | 3 
[ he 1 I 
S{+E AB G& F CD x 


Let there be four quantities, A, B, C, D, of which let A the firſt contain 6, B the 
ſecond contain 2, C the third 4, and D the fourth 3. Now take the Equimultiplices 
of A and C the firſt and third, which let be Eand F; ſo that as Multiplex E is to A, 
ſo let Multiplex. F be to C, viz: triple; ſo have you 18 for the Multiplex of A, and 
12 for the Multiplex of C : Likewiſe take the Equimultiplices of B and D,the ſecond and 
fourth Terms, and multiply them by ſome' one Number, viz. by 4; ſo have you for 
the Multiplex of B the ſecond, the Line G 8, and for D the fourth, the Line H 12. 
Now becayſe the Line E 18, Multiplex of the firſt, exceedeth the Line G 8, Multiplex 
of the ſecond; and the Line F 12, Multiplex of the third, exceedeth not the Line H 12, 
Multiplex of the fourth, (for they are equal ,) the Proportion of A to B, the firſt ro 
the ſecond, is greater than the Proportion of C to D, the third to the fourth. 

So likewiſe in Numbers, take: 11 to 2, and 7 to 3, 


I2 | 114 multiply 11 and 7 (the firſt and third) by 2, ſo ſhall you 

Firſt 11 Third 7 have 22 for the Multiplex of the firſt, and 14 for the 
Multiplex of the third ; and . multiplying 2 and 3, (the 

| NY PL Fourth 3 ſecond and fourth) by 6, you ſhall have 12 for Multiplex 
£9 7g Of the ſecond, and 13 for Multiplex of the fourth. Here 


you ſee that 22, the Multiplex of firſt, exceeds 12, the 
; Multiplex of the ſecond ; but 14, the Multiplex. -of the 
third , exceeds not 18, the Multiplex of the fourth : Wherefore the Proportion of 
I1 to 2, 1s greater than the Proportion of + to 3. 


 XLVI. Proportionality confiſteth of three Terms at leaſt. ; 


In Proportionality there mult of neceſſity be two Proportions, an each hath. two 
Terms, his Antecedent and Conſequent ; and therefore in Proportionality there are 
four Terms, but ſometimes one Term ſupplies the room of two, for in reſpect to the 
firſt it is Conſequent, and in reſpe&t to that which followeth, it is Antecedent ; 
therefore three Terms at leaſt may ſuffice in Proportionality, the which arc in Power 
four, and occupy the Room of four. la 
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1n theſe three Lines A B C, let us ſuppoſe that A hath to B that Proportion which B 
hath to Cz then are theſe three Quantities, A B C, ſet in the leaſt Numher of Pro: 


portionality. | X 
Likewiſe in Numbers, 3 = : = > - y 4 wo y + &c. 
| . | 


XLVI. When three Magnitudes are Proportional, the firſt ſhall have a_ Dupli- 
cate Ratio to the third of that it hath to the ſecond ; but when. four 
Magnitudes are Proportional, the firft ſhall have a Triplicate Ratio to 
the fourth of what it had to the ſecond : And fo always in order; 


* ue more as the Proportion ſhall be extended. . 


FO ————  ——_— 
DB  ——— 
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This Definition*is to be underſtood in Continual Proportionality , as if A, B, C, be 
three Magnitudes Proportional ; then ſhall the Rario of A, the firſt, to the Rarzo of C, 
the third, be double to the Rario which is between A and B, the firſt and ſecond ; that 
js, the Rarjo of A to B taken twice, ſhall make the Razio of A to C. : | 
| Forthe eaſier underſtanding of this, it is neceſſary to know how Proportions may 
be added one to another ; for effefting whereof, this is the | | 

| KVDEASI © : 

Multiply the Amtecedent of the one Proportion by the Antecedent of the other, the Number 
prodiced ſhall be Antecedent of the Proportion mhich eontaineth them borh. | Likewiſe 
multiply the Conſequent of one Proportion, by the Conſequent of the other Proportion ; 
= the Number ariſing ſhall be Conſequent of the Proportion, which ſball comain them 

Example : If you would add the Proportion which is between 4 and 2, (which is 
Dwpla,) to the Proportion which is between 59 and 3, (which is 7Trip/a,) multiply 4. 
(the Antecedent of the firſt Proportion) by g, (the Antecedent of the ſecond,) and 
thereof will come 36, the Antecedent of the Proportion you ſeek for : Alſs mutti- 
ply 2, the Conſequent of the firſt Proportian,by 3, the Canſequent of the- 
cond, and thereof will come 6, which 6 ſhall be Conſequent- to the "A 36 9g 
former Antecedent 36; and ſo ſhall the Proportion which is between 36 > 4 
and 6, (namely Sextapla, ) contain in it the two Proportions given, 
namely, Dupla and Tripla, And by this means are. they added together, 2 &' 3 
and brought into one. | 


ALVIIL Magnitudes of like Ratio. are ſaid to be Antecedents to Antecedents , 
and Conſequents to Conſequents. 


Theſe Magnitudes are ſaid to be of like Ratio, whoſe An- 
tecedents have like reſpeCt to their Conſequents, and whoſe 
Conſequents the like reſpeCt to their Antecedents; fo putting 
four Magnitudes A, B, C, D, if A Antecedent to B, be dou-. 
ble to B, and C, Antecedent to D, be alſo double to D, then 
have the two Antecedents like reſpeCt to their Conſequents. 
Alſo, if B the Conſequent be half of A, and alſs D'the ': 3 5 
ept be half of C; then the two Conſequents B and - a4 / 
+ yo of their Antecedents: A and C, like habitude or: . + 
eipect; and by. this Definition, the Magnitudes A; B, C, D, L-13 
We of like Rario, or Proportion. AB cD 


1 


Four! 
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"4 Antecedents. Alſo in Numbers, 9, 3, 6, 2 ; becauſe 9 the Antecedent; is Triple to 
| 3 his Conſequent, and the Antecedent 6, is alſo Triple to his Conſe- 
9 . 6s quent 2, the two Antecedents 9 and 6 have like reſpect to their Conſe- 
3 "EE ents; and becauſe that 3 the Conſequent, is one third of his Antece. 


| ent 9, and 2 the Conſequent, one third part of his Antecedent 6, the 
rod Putt two Conſequents 3 and 2, receive alſo a like reſpeCt to their Antece- 
dents : And therefore are Numbers of like Rario or Proportion. 


XLIX. Alternate Proportion (or by Permutation) is, when Antecedent is com- 
pared to Antecedent, and Conſequent to Conſequent- 
The underſtanding of this Definition and of the fix following, depend upon the laſt 


Definition, and do uſe it for a general Suppoſition, namely, to have four quantities in 
Proportion. Suppoſe four Magnitudes A, B, C, D, (ſuch as in the figure of the laſt 


' Definition) to be in Proportion : As A to B, ſo C to D; now if you compare A the 


* Antecedent of the firſt Proportion, ro C the Antecedent of the ſecond, (as to his Con- 


| ſequent ;) and likewiſe if you compare B, the Conſequent of the firſt Proportion, as 


an Antecedent to D the ſecond, (as to his Conſequent ;) then ſhall you have ghe Mag- 
nitudes in this ſort, viz.-AS A to C, Antecedent to Antecedent ; ſo B to D, Conſequent 
to Conſequent : And this is called Permutation, or Alternate Proportion. 

In Numbers thus, 


Dupla Dupla | As 12to 6, ſo8 to 4. 

PAR AA Antecedent to Conſequent, either is Dupla. 

+ 2 AT Wherefore, (by Permutation of Proportion ,) 
LSRY As 12 is to8, ſois 6to 4, 
Seſquialters Conſequent to Conſequent, for either are Seſquilatera. 


L. Inverſe m_—_— is, when the Conſequent is taken as the Antecedent, and ſo is 
compared to the Antecedent, as to the Conſequent. - 


Suppoſe, as before, in the two laſt Definitions, four Magnitudes A, B, C, D, in Pro- 
portion, AS AtoB, ſoC to D, if you refer B, the Conſequent of the firſt Proportion, 
as Antecedent to A, the Antecedent of the firſt, as to his Conſequent ; and likewiſe, 
if you refer D, the Conſequent of the ſecond Proportion, as an Antecedent to C, the 
Antecedent of the ſecond Proportion, as to his Conſequent, then ſhall you have -the 
Magnitudes in this Order: As B to A, Conſequent ro Antecedent,ſo D to C, Conſequent 
to Antecedent. And this is called Inverſe (or Converſe) Proportion. 

So alſo in Numbers, 
FSA FS' | 9 t03, 25 6 toO2. 
Triple Triple Either is Triple ; wherefore comparing 3 to 9, the Conſequent 
AA 2 of the firſt to his Antecedent 9; and allo 2, the Conſequent of 
91-30 ..2 .. the ſecond, to 6 his Antecedent : By this Converſe Proportion it 


Subrriple Subrriple Sera paſs, that as 3 to 9, ſo is 2 to 6 ; either of which are 


LI. Compound Proportion is when the Antecedent and Conſequent taken together as 
one, are compared to the Conſequent it ſelf. 


A F———+ — C + 1 
B —_ -. 7 332] arkalddnecd 
"FR... SD 
Prmmne rnd þ — 
| A hm — Z D p— —{ 


Suppoſe (as in the three laſt Definitions) four Magnicudes, A, B, C, D, in Propor- 


tion, as AistoB,ſoCisto D. If you add A and B,the Antecedent and Conſequent 


'of the firſt Proportion, together, compare them, fo added, as one Antecedent to By the 
Conſequent of the firſt Proportion, as to his Conſequent; and likewiſe, if you add' to- 
gethef C and D, the Antecedent and Conſequent of the ſecond Proportion, and, fo ad- 
ed, compare them as one Antecedent to D, the Conſequent of the ſecond Proportion, 

2s 
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—o his Conſequent, then ſhall you have the Magnitudes in this Ordec : As AB to B 
P *CDtoD; for cither of them is 7ripla : And this is called compoſed (or com: 


- pound) Proportion. | 
Pr Numbers,as 8 to 4,ſo 6 to 3. Now 8 and 4, the Antecedent and Conſequent of 


the firſt Proportion, added together make 12, which 12, as Antecedent, compare to 4, 


the Conſcquent of the firſt Proportion, as to his Conſequent : Like- 
wiſe add together 6 and 3, the Antecedent and Conſequent of the fe- 8 4 5s 3 
cond Proportion, and they make 9, which 9g, as Antecedent, compare 12 4 g 3 
10 3, the Conſequent of the ſecond Proportion, as to his Conſequent ; 
© ſhall you have (by Compoſition of Proportion ,) as 12 to 4, ſoiisgto3; for ci- 


cher of them is Trip/a. 


Ll. Divided Proportion is when the Exceſs, wherein the Antecedent exceedeth the 
Conſequent, is compared to the Conſequent. 


A___ = 


This Definition is the Converſe of the former ; for in that was uſed Compoſition, in 
this is uſed Diviſion. | 

Suppoſe four Magnituces in Proportion, AB the firſt, B the ſecond, CD the third, 
and D the fourth; then as AB to B, ſo is CDto D, AB the Antecedent of the firſt 
Proportion, exceedeth B the Conſequent of the ſame, by the Magnitude A; wherefore 
Ais the Exceſs of the Antecedent AB, above the Conſequent B. So likewiſe C D, the 
Antecedent of the ſecond Proportion,cxceeds:D,the Conſequent of the ſame by the Mag- 
nitadeC; whereforc C is the Exceſs of the Antecedent CD, above the Conſequent D. 
Now if you compare A, the Exceſs of AB, the firſt Antecedent, above the Conſequent 
B, as Antecedent to B, the Conſequent, as to his Conſequent: Alſo if you compare D, 
the Exceſs of C D, the ſecond Antecedent CD, above the Conſequent D, the Antece- 
dent to D, the Conſequent,as to his Conſequent ; then ſhall 'your 'Magnitudes be in this 
Order: AS Aisto B, ſois CroD; which is called Diviſion of Proportion. | 

Sin Numbers, as 9 tos, ſo 12to 8, either Proportion is Seſquialtera: The Exceſs 
of g;the Antecedent of the firſt Proportion, above 6, the Conſequent of the ſame, is 3 ; 
the Exceſs of 12, the Antecedent of the ſecond Proportion, excee- 
deth 8, the Canſequent thereof, by 4. Then if you; compare 3, the © 65 12 $8 
Exceſs of 9, the firſt Antecedent above the Conſequent, as Antece- 3 6 4 8 
dent to 6, the Conſequent as ro his Conquent : And alſo, if you com- | 
pare 4, the Exceſs of 12, the ſccond Antecedent above the Conſequent, as Antecedent 
to$, the Conſequent as to his Conſequent, you ſhall have the Numbers in this Or- 
Ger, by Diviſion of Proportion : As 3 to6, ſo4 to 8; for either Propoction is Sub- 


. 


LIIL. Converſe Proportion is when the Antecedent is compared to the Exceſs wheres 
in the Autecedent exceeds the Conſequent. | 


— OT "Rk A. i D 


7 —_=— 


C 4 B22 
[| o-" 


As in the former, ſo in this, ſuppoſe four Magnitudes in Proportion, A B the firſt; 
5 the ſecond, CD the third, and D the fourth, then will the Order bez As A Bto B, 
CDtoD. AB the Antecedent of the firſt, exceedeth B, the Conſequent of the ſame, 


by the Magnitude A; whecrefore A is the exceſs of the Antecedeat A B, aboye the Con-- 


 fequent B; ſoalſoC is the exceſs of C D, the Antecedent of the ſecond, above”D.the 
Conſequent of the ſame. Now if you refer A B, the Antecedent of the firſt, as An- 
a to A, the exceſs thereof above the Conſequent B, as to his Conſequent : Alſo, 
you compare CD, the Antecedent of the ſecond, as Antecedent to ©, the excels 

eof above the. Conſequent D, as to his Corſequent ; then ſhall your 'Magnitndes 
wne to this Order, As ABto A, ſoCDtoC. And this is called Converſe Pro- 
Portion, G g ; Like» 
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1 ikewiſe in Numbers; As9to6, ſo 12 to 8: The excels of 9, the Antecedent of 
Fn 1 gp 6, the Conſequent of the ſame, is 33 the exceſs of 12, the Antece- 
0 dent of the ſecond, above 8, the Conſequent of the ſame, is 4. Now 
9 - 6] 12. 8 compare the Antecedent of the firſt, 9, as Antecedent to 3, the ex- 

12 4 ceſs thereof above 6, the Conſequent as to his Conſequent; like- 
moe wiſe compare 12, the Antecedent of the ſecond, as Antecedent to 4, 
the exceſs thereof above 8, the Conſequent as to his Conſequent ſo ſhall (according 
to converſe Proportion,) the Numbers ſtand thus, As9 to 3, ſo12to, ; for either 


Ratio is Triple. 


LIV Proportion of Equality is where there are taken more Magnitudes than two 
in one Order, af at as many Magnitudes in another Order, comparing 


two to two, being in the ſame Ratio , it cometh to paſs, that as, in the 
forſt Order of Magnitudes, the firſt is to the laſt, ſo, in the ſecond Or- 
der of Magyitudes, is the firſt to the laſt. Or otherwiſe, it is a Com- 
pariſon of the Extremes together, the Mean Magnitudes being taken a- 


way. 
T Firſt Order. Secoud Order. 


p + 
| [ Wo [ 


4 4 
A B CD. E G 41 


| If there be taken (in ſome determinate Order) any Number of Magnitndes, for in- 
ſtance four, A, B, C, D, and in the ſame Order four more, E,F,G, H ; thea take 
the equal Proportions by twe and two, As AtoB,foEtoF; ASBtoC, ſoFtoG; 
and as Cto D,- foG to H. 

Now if A, the firſt Magnitude of the firſt Order, be to D, the laſt Magnitude of the 
ſame Order, h 

As E, the firſt Magnitude of the ſecond Order, is to H, the laſt Magnitude of the ſe- 
cond Order ; then is it called Proportion of Equality : As in Defwirign 38. 

Likewiſe, if you leave out the mean Magnitudes ia either Order, as BC in the firſt 
Order, and F G. in the ſecond Order; and compare the Extreams of each Order toge- 
ther, then (by this Definition,) as A is to D, in the firſt Order, ſo ſhall E be unto H, 
in the ſecond Order. _ | | 

In Numbers : Let there be two Orders of Numbers, 27, 9, 12, 24, 15, in the firſt, 


and 9, 3, 4, B, 5, in the ſecond Order ; then ſee that all the Proportions taken by two 
and two be like, as between 


"> & $220 Gee. © ROI 9 3 he CT Tripla. 
9 12\ Nombers of the 3 Numbers of the ſe- ) Subſeſquitertia. 
12000J2.{ firſt Order, andYa(®IS8C cond Order, viz. 5 Subdopla | 
36/7 19S 8 5, Supertripartiens quints. 


_ ; Wherefore (by this Definition) leaving out all the mean Numbers of each fide, you 
, may compare only the Extreams, and conclude, that 


As 
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As 27, the firſt: Term fn the firſt Order, 
[s ro 15, the laſt Term in the ſame Order ; 
So is 9, the firſt Term in the ſecond Order, 
| To 5, the laſt Term in the ſecond Order. 
he Proportion of each is Superquadripartiens quintass 
pry it 4 be minded, that there is no neceſlity that all the Pro- 
portions 1N each row of Nymbers be ſet in like Order, as before; but it 1:24 
{hall be ſiſfficient that the Proportions be the ſame, and in equal Num- $$ 
ters in each row, whether in the ſame or in contrary Order. As in theſe 2: '.g 
Nombers 12, 6, 2, in the firſt row, and 24, 8, 4, in the ſecond ; for 
As 12 to6 (the firſt to the ſecond of the firſt row,) 
So is 8 to 4 (the ſecond to the third of the ſecond row, ) 
Either is in Duple Proportion : And, 
AS 6 to 2 (the ſecond to the third in the firſt row,) 
So is 24 to 8 (the firlt to the ſecond in the ſecond row.) 
Where, the Numbers are not. placed in the ſame Order, or Courſe; yet 12 24 
by equality of Proportion , (leaving out the means 6 and 8,) 4 
| As 12 to 2 (the firſt and laſt of the firſt row,) | 
Sois 24.10 4, (the firſt and laſt of the ſecond row ;) 
And fo of others, howſoever placed. 


LV. Ordinate Proportionality is, when as the Antecedent is to the Conſequent, ſo 
is the Antecedent to the Conſequent ; and as the Conſequent is to any other, 
ſo is the Conſequent to any other. | 


At t h—— : D bt tA 
Þ ———— JE fy 
C. jojnct | F — 


For the explanation of this Definition is required two Orders of Magnitudes: Sup: 
poſe in the firſt Order that the Antecedent A, to his Conſequent B, haye the ſame 
Proportion that the Antecedent D, hath to its Conſequent E in the ſecond Order ; and 
make the Conſequent B Antecedent to ſome other quantity as C; alſo make the Con- 
ſequentE Antecedent to another quantity, as F; ſo that there be the ſame Ratio 
of = asof EtoF. And this diſpoſition of Proportion, is called Ordinate Pro- 
portuonality. | 

la Numbers, as theſe, 18, 9, 3, and 6, 3, 1. 


As 18 to 9 (Antecedent to Conſequent,) 18 6 
So is 6 to 3 (Antecedent to Conſequent. ) 9:2 
Either is in Duplicate Proportion: Then, 3: 


As 9 (the Conſequent, 
Is to another Number, (viz. 3.) 
SO is the Confequent 3, 
: To another, namely, to Unity. : 
And this ordinate Proportionality may be extended as far as you liſt; according to 
the preceding Definition. 


LVI. Inordinate Proportionality is, when as the Ante cedent is to the C onſequent, 
fo is the Antecedent to the Conſequent ; and as the Conſequent is to ano- 
ther, ſo is another to the Antecedent. 


Firſt Order. Second Oratr. 
A ———— F —————— 
B —— GC ——— 
E rommoy | D po ___d——4 


* ThisDefinition alſo requires two Orders of Magnitudes : Suppoſe (in the firſt Order) 
the Antecedent A be to the Conſequent B, as the Antecedent C (in the ſecond Order ) 
Gg 2 13 


_ 
_— 
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is to the Conſequent D; and let B (the Cdnſcquent of the firſt) be to ſome Other, 
(namely, to E,) as ſome. other (namely F) is to the Antecedent C of the ſecond; this 
kind of Proportionality is called Perturbate, or Inordinate. 
| In Numbers, 9 3 
As 9 to'6 (Antecedent to Conſequent,) 6 2 
So 3 to 2 (Antecedent to Conſequent, ) 3 6 
Either Proportion it Seſquialtera: And, | 
As 6 (the Conſequent of the firſt,) 
* 1s to another, (namely to 33) - 
So is another, (namely 6,) wal 
To 3, (the Antecedent of the ſecondProportion.) 
For either is Dupla, or double Proportion. 


———— ———— 


 mm———_ 


LVII. Like right lined figures are ſuch whoſe Angles are equal one to the other 
and whoſe ſides about the equal Angles are Proportional. 


In the two Triangles ABC, and DEF ; if the Angle at A be equal to the Angie 
at D, and the Angle at B equal to the Angle at E, and the Angle at C equal to 
the Angle at F: And alſo, if the fide A B have the ſame Proportion to the fide B C 
as the ſide DE hath to the ſide EF: And alſo, the fideBCtoCA, as the fide EF to 
FD; and the ſide CA toAB, as FD toDE; then are thoſe two Triangles ſaid to 
be like: And fo of other figures. | 

| Hence follows this Proportionality. 


B E AB to BC DE to EF 
13A be equal to Joe Then, asqBA to ACS isSSDE to DT 
| C E . 


Figure 
XiX, 


BCtoCA EF to FD 


LVIII. Reciprocal figures are thoſe, when in either figure the Terms of Proportion 
are Antecedents and Conſequents of Ratio's. 


Figure As in the two Parallelograms AB CD, and EFGH, if the ſide A B (an Antecedent 
XX, of the firſt figure) have to the ſide E F.(a conſequent in the ſecond figure) mutually 
the ſame Proportion (or Ratio) as the ſide A G hath to the fide A C, (an Antecedent 
in the ſecond, to a Conſequent in the firſt,) then are thoſe two figures in reciprocal 
Ratio, or Proportion. | | | 
Some Authors put this Definition in theſe words ; Reciprocal Fjoures are, when the 

ſides of either be mutually Proportional. | 


LIX. 4 right Line is ſaid to be divided by extreme and mean Ratio, or Pro- 
portion, when the whole zs to the greater part, as the greater part is to the 


leſſer. | 
If the Line AB be ſo divided in the Point C, that the whole Line 
AB have the ſame Proportion (or Ratio) to the greater part AC, 
| as the ſame greater part AC, hath to the leſſer part C B; then is that 
C Line AB divided by extreme and mean Ratio in the Point C, (AB 
. being to AC in the ſame Ratio, as AC is to CB.) 

And this Diviſion of a Line is by ſome Authors thus defined. A Line 

arvided by Proportion, having one Mean and two Extremes. 


> 


LX. The Altitude of any figure is a Perpendicular Line, drawn from the top of the 


figure to the Baſe of the ſame figure. 
Figure As the Altitude or heighth of the Triangles, ABC and DEF, the Perpendiculars A 
' XXII. G and DH are the Altitudes of thoſe two Triangles: And in all the other figures, 
as K LM, the Perpendiculars, © P are the Altitudes of thoſe reſpeCtive figures. 
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1POSTULATES, or grantable Requeſts. 


|. From any Point to any Point to Hraw a Right Line. 
* | A B 


As from the Point A to the Point B,who will deny, but ealily grant, that a Right Ling 
may be drawn ? for two Points (howſoever they be ſet) are imagined tO be in one and 
the ſame plain Superficies z wherefore from the-one to the other there 1s lome ſhorteſt 
diſtance, which is a Right Line. 


| | FR 
IL Zo produce a Right Line, finite, Sreight forth contivually. 


AR——— Po—— 


As to draw in length continually the Line A B, who will not grant ? for there is no 
Magnitude ſo great, but that there may be a greater z nor any ſo little, but there may 
bealeſs: And a Line being a draught from one Point to another,therefore from the Point 
B (which is the end of the Line AB) may be drawn a Line to ſome other Point, as 

- toC, and from that to another, and ſo inhaitely. | 


Il. 7pon any Centre, and at-any diſtance, to deſcribe a Circle. 

As upon the Centre A, and upon the ſpace A B, you may deſcribe the Circle BC, pipure 
and upon the ſame Centre, upon the diſtance A D, you may deſcribe the Circle DE: xx, 
Or, upon the ſame Centre A, at the diſtance A F, you may deſcribe the Circle F G; and 
ſo infinitely. 


IV. Al right Angles are equal one to the other. 


Foraſmuch as a right Angle is made- by the falling of ofie right Line perpendicularly Figure 
- upon another, therefore no one'right Angle can þe greater Than another z neither do X XILL 
the length or ſhortneſs of the Lines alter the greatneſs of the Angle. For the right 
Angle ABC, though it be made of Lines longer than the Angle DEF, yet is that 
Angle no greater than the other; for if you ſet the Point E juit upon the Point B, 
then ſhall the Line E D fall ,upan the Line AB, and the Line EF evenly upon the 
LineBC; and ſo ſhall the Angle DEF be equalto the Angle ABC, for that the 
Lines which cauſe them are of like Inclination. | 


V. When a right Line, falling upon two right Lines, does make on oue and the ſame 
fide the two inward Angles leſs than the rwo right Angles ; then ſhall thoſe 
two right Lines (being produced) meet on that part on which the two Angles 

are leſs than two right Angles. | 


As if the right Line A B fall upon two right Lines, C Dand E F, ſo that it make 
the two inward Angles on the one ſide, namely, DH 1 and HIEF, leſs than two'right 
Angles; thoſe two Lines, CDandE F, being extended on that ide, ſhall at length 
concurr inthe point D. Contrariwiſe, the ſame Lines drawn in length on the other 
hide, where the two inward Angles, AHC and AIE, are greater than two right An- 
gles, ſhall never meer, but being extended on *that fide, the longer they are drawn 
out, the farther they ſhall be diſtant one from the other. 


Figure 
XXIV. 


VI. Two right Lines include not a Superficies, 


lf the Lines AB and AC, being right Lines, ſhould incloſe a Super ficies, they mult Figure 
of neceſſity be joyned together ar both their ends, and the Superficies muſt be be- xxy. 
tween them, Let them be joyned together on one ſide in the Point A, and ima- 
b1ne the Point B to be drawn to the Point C; then ſhall the Linz AB fall upor. 


| —_ AC, and cover, it, and ſo, being all one with it, can never inclofe a Su- 
cies, 


AXI0 MS 
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AXIOMS, Or things manifeſs to Senſe , and ac- 
knowledged by all Men. 


J- Things equal to one and the ſame thing, are alſs equal the one to the other. 


| > EET. 
As if the Line A be equal to the Line B, and if the Line C be alſo equal to the Line 
B; then of neceſſity the Lines A and C ſhall be equal the one to the other. $9 it is 
to be underſtood in Numbers, Superficies, Angles, and in all other things (of oge 


kind) that may be compared together. 
| In Numbers, 


If A be equal to 4 : h 
And B doaet to 4 © The B 4 is equal to either A or C, or both. 


Then C is equal to B 4 . 
\ .. And ſoall three, B, A, and C, are all equal one to the other. 


Il. If to equal things you add equal things, the wholes ſhall be equal. 


, ' 
FF" = 

As if the Line A B, be equal to the Line CD,-and to the Line A B, be added the 
LineBE, (equal to the Line G;) and to the Line CD, be added the Line DF, (equal 
alſo to the Line G;) then are two equal Lines, BE and DF, added to two equal Lines 
AB and CD; then «by the Axiom) muſt the whole Line AE be equal to the whole 


LineCF: And fo of Numbers, and other quantities, 


C } 


| | | In Numbers, 

If to AB ——— . 

You add BE — — —5 | 

The Summ is—————13 equal to A 

Again, 

If to CD * 

You add D F——., E- ; 
' The Summ is ——-——13 equal to CF; ſo that AE and CF are equal. 


III. From equal things if you take away equal things, the things remaining will be 
equal. | | 

As, if from the two equal Lines, AE and (F, you take away two Lines, EB apd FC, 

(both of them equal to, the Line G,) the remaining Lines, A Bl and CD, will be e- 


qual. 
In Numbers, 


If from A E————— 
You take BE — 
There remains — equal to. A B, 
| —. Again, | 
If from CF — 


You take D F—-—— 5 
There remains ——— 3 equal toCD; ſo that AB and CD are equ:1. | 


IV. 


SH InTT="r> | 
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Bas 
IV. If to Unequal things you add Equal things, the Wholes will be unequal. 
. 
oo 08 Mr 
a Ki Pani, 


As if the Lines KM and NP, being unequal, (for K M is longer then N P.) if ts 
echer of them you add two Lines, LM and ©. P, (either of them ok to the + ) 
Hay, the whole Lines, KL and N O, ſhall alſo be unequal ; and KL longer than 


NO. . 
In Numbers, 


Ifto K M — 
You add M Lo—— - 6 
Their Summ Is -—18 ecqualto KL 
Again, 
IftoNP ——— 5 
You add P O ——— | | 
Their Summ is 11 equaltoNO,; ſo that KL and NO are unequal. 


V. If from Pnequal things you take awa ly Equal things, the things Remaining will 


be Unequal. 
Asif the Lines K L and N O being unequal, you take away two Lines, ML and 
= of mo equal to the Line H;) I ſay, the remdining Li K M and N P. ſhall a 
unequal. 
wo In Numbers, | | 
If from K L- 18 | 
You take M Lo——- - 6 
The Remainder is—=-—12 equal to K M. 
Again, 
If fro N On —_ ——tk 
ye P O nn rr h 
The Remainder is- 5 equal toNP; ſothat KM and NP are unequal. * 
VI. Things which are Double to'one and the ſafve thing, are Equal the one to the 
other. | 


T8 _ — - | 
a -<- 4 


[1 - vw 
. ” | 
- - 


"7 Wa 
E — E—F, 
Ct FE ———D 


- {3/7 


cM Line A B be double to the Line E F, and if the Line C Dbe alſo double to the 
EF; then may you conclude from this Axiom, that the Lines AB and CD are 
=_ wedge - _ And vn . true in all quantities, | ard not only when they 
, when Treble, Quadruple 100 1 
pan i » Quadruple, or in whatſoever Proportion it be of the 
In Numbers, | 
From the whole A B 18 
Take the half E F—— — 9 


The w— i_—— 9 equal to AG or GB þ 
gain; -. > — AA 

From the whole CD—18 As | 

Take the half E F———— 9 xp. ED 

® Remainder i5———9g equal to CHor HD; fo that AB and C D are equal, 
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VII. Things which are half of one and the ſame thing, (or of things equal) are «. 
qual the one to the other. | 


S 
Al d.-43 
E— 4F 
> HOGS. - OY, 


If the Line AB be half of the Line EF, and .if the Line CD he alſo half of the 
Line EF, then may you conclude by this Axiom, that the Lines AB and CD, are 
equal one to the other : Concelve the ſame when quantities are eithey Tri ple, Quadru« 
ple, or in any Proportion. 

In Numbers, 
— 


If from E F 
You take A B—————6 


The Remainder is ——<6, equal to half E F. 


Again, 
If from E F WAY) 
You take CD —6 | 


The Remainder is — 6, equal to half EF; ſo that AB and CD are equal, 


VIIE Things which agree together, are equal the one to the other. 


Things are faid to agree together, . wheh they are applied the one to the other 
or being ſet one upon the other,. the one exceedeth not the other in any part. ; 
As if theſe two Triangles, ABC and DEF, were applied the one to the Other 
and the Triangle ABC were ſet upon the Triangle DEF; if then the Angle A 
do juſtly agree with the Angle D, the Angle B with the Angle E, and the Angle 
C with the Angle F: And alſo the Line AB do juſtly fall upon the Line DE 
and the Line AC upon the Line EF, and AC upon DF; fo that there is a juſt 
agreement in all the Parts. Then may you conclude the-two Triangles to be equal. 
The Converſe of this Axiom is true in right Lines 2nd Angles, but not in figures 


' unleſs they be like. 


Moreover Magnitudes are faid to agree, when the parts of the one, being applied 
to the parts of the other ; they fill up an equal (of the ſame) ſpace. 


IX. Every Whole is greater than its Part 
| IL Cc 7 


- 
- 
- 
PS 
- - 
.® 


As the whole is equal to all its Parts taken together ſo is it greater than any one 
Part thereof. As if the Line GB-be-a-part of the Line A B, then by this pr you 
may conclude, that the whole Line A B, is greater than the part thereof C B ; And this 
is general in all things. 


a 44:55:15 +; 10,Nombers, 
The whole Line A B ig——18 Heb 


The Part A GC Is- n—k 
The Part C B 1s — 7 - 
Their Sm ———— ——18 equal to A B the whole. 


X. Fuery Whole is equal to all its Parts taken together. 


W 28 __ 


G A 


If che whole AB, be divided into three (or any other Number of) unequal Parts, 
as into. AC, CD, and DB : I fay, that all the Parts, A C, CD, and DB are equal to 
the whole Line A B. 


In 


T7: 


Part 
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In Numbers, 
if the whole Line A B, be —3 
AC, be —— 838 
Let the Part CD, be—Iit - 
DB, be 2} eV Ns REG 
The Summ of the Part is ————25 equal $0, the whole AB, , 
And this is alſo true in Superhcies, | - 
wppoſe in this figure E, F, G,H, the length of the Parallelogram, EF, were divided 
-"to three unequal Parts EK, EL, and LF; and the ſide, or breadth E G, :were alſo 
{;pided into other unequal Parts, E M, MN, and NG: If Lines. be drawn from K, 
1nd L, Parallel to E G, and FH; and alſo other Lines through the Points M, and N, 
>:rallel ro. the ſides E G, and F H. The Parallelogram. E, F, G, H, ſhall by thaſe Pa- 
callel Lines, be divided into nine unequal Parallelograms, viz. into the Parallelogram, 
0.P, Q,R,5, I, V» X, and Z, all which together are equal to the whole Patallelogram, 
G, H. | | 
oy Numbers, let the length E F be 20, and the breadth E G 16, and let the lengch 
EF be divided into E K 7, KL 8, andLF 5, all which together make 20. 
Alſo, let -= breadth E G, centaining 16, be divided into EMys, MN 7,and NG 4, 
ing in all 16. | 
—_—_ now, that the length of the Parallelogram E F 20, being multiplied by the 
breadth, E G will contain 320. Whether Perches , Yards, Feet, Inches, or what 


' Meaſure foever. Now, 


ſO,) 51 ſ;1 i351 CO, 
a * is 
2, + * ae . I 
O_o .; 8 Pl COLES which- multiplied. 49 
The FR, | is compoundeT'of 3 4 Hl 
; ag 7$and <8 > together, pro- 45.56 >for 45S, 
iu, | 7 i + 28 :U, 
| x, | [4] 32] |X, 
LZ,) . £44 . -ua 120) LUZ, 


In all 320. 


Equal toE F 20, multiplied by E G 16; and therefore all the Parts together are equal 
tothe whole, according to the Ariom. | 


En 


Of PROPOSITIONS, &c 


Aring laid down the Principles of Geometry, conſiſting of Definirions, Poſtulates, 

. (or grantable. Truths,) Axioms, (or Sentences proved) next follow the Propo+ 
ww . 

Propoſitions are of two kinds : 
The one is called a Theorem. 
The other a Problem. 

1. A Theorem is a Propoſition which. ſearcheth qut, and demonſtrateth the Property. ar 
Paſſion of ſome figure ; wherein is only ſpeculation and contemplation of Mind, with- 
out Operation or aCting of any thing, So the firſt Propoſition following, which is, 
If two Angles L two Triangles be equal the one 10 the other, the ſides ſubrended under the 
equal Angles, all alſo be equal one t0 the other, which is a Theorem: For it is required 
only to prove, and make plain by reaſon and demonſtration, that the ſides of the one 
Triangle ſubtending the equal Angles of the other Triangle, ſhall be equal one to 
the other, without working or doing of any thing; and every Theorem after the de- 
monſtration is cleared, concludes either with, which 5s impoſſeble, Or, which is con- 
trary to bro Hypetheſs;, Or, (and that for the moſt part) which was to be demonſtrated, 
07 proved. 


H h TA 


- 
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- IL. A Problem is a Propoſition which requireth ſome aCtion or doing, as to make ſome f;. "+ 4 
re, to divide ſome figure, to add or ſubtra& one figure to or from another, to 
inſcribe one figure within another, to circumſcribe one figure about another, to gi c 
vide Lines proportionally equally, &c. as the firſt Problem in this Book is, To 4j. hw 
vide a Right Line into two _ Parts, and at Right Angles : This is a Problem, for it 
requires ſomething to be done, namely, To divide a Right Line into two equal Payr,, 
at Right Angles. And at the cloſe of every Problem is ſaid, Which was required to be i 


Il. A 'Coroltary is a Conſeftary or ſome conſequent ,Trath, gained from a preceding 
Demonſtration. : OM 
IV. A Lemms is a Demonſtration of ſome premiſe, *whereby the proof of the thing ig 


Hand becomes ſhorter. | | : 
V. A Scholiam is a Gloſs or comperdious Expoſition of a preceding Propoſition, 


© —_ 
—— 
| [ 
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L If two Angles, A BC and ACB, of a Triangle ABC, be equal the one to the 
other, the Sides AB and AC, ſubtended under the equal Angles, ſhall alſo 
be equal one to the other. | oa 
-»,.F © the Sides be not equal, let one be bigger than the other: ſuppoſe BA x; 
Nom [| greater than CA, — B D equal to f A, and draw the Link© D. wh 6k 
Demonſtrarion. In the Triangles DBC and ACB, becauſe BD is equal to CA, and 
the Side B C is common, and the Angle D BC equal to ACB, the Triangles DBC and 
ABC ſhall be equal the one to the other, viz. a Part equal to the Whole. Which is im- 
ſible. Eucl. EL L.1. P. 6. Corollary,” : 
Hence it follows, That every equiangular 'Triangle is alſo equilateral. 


Il When a Right Line AB, ſtanding pon a Right Line CD, maketh the Angles 
ABC and ABD, it maketh either two Right Angles, or two Angles equal 
to two Right Angles. 


cle | the Angles ABC and ABD he equal, then they make two Right An- Figure 
glesz it unequal, then from the point B, let there be erected 4 Perpen- 1L 
| dicular BE. . 
Demonſtration. Becauſe the Angle ABC is greater than a Right Angle, by the Angle 
- ABE; and the Angle ABD leſler than a Right Angle, by the Angle ABE; therefore 
fhall the Angles ABC and AB D be equal to two Right Angles: for BE being per- 
pendicular to CD, the Angles EBC and EBD are Right Angles; but ABC is more 
chan a Right Angle by the Angle E BA, and ABD fo much leſs; therefore the two 
Angles ABC and ABD are equal to two Right Angles. Which was to be demonſtrated. 


Encl. EL. Lib. 1. P. 13: 
Corollaries. 


1, Hence, If one Angle ABD be right, the other ABC is alſo right; if one be 
acute, the other is obtuſe ; and ſo on the contrary. 

2, If more right Lines than one ſtand upon the ſame right Line, at the ſame point ; 
all the Angles they make ſhall be equal to two Right Angles. 

3. Two Right Lines cutting each other, make Angles equal to four Right Angles. 

4+ All the Angles made about one Point, make-four Right Angles. Corol. 2. | 


IL If to any Right Line AB, and a Point therein B, two Right Lines, not draws 
from the ſame Side, do make the Angles ABC and ABD, on each Side 
equal to two Right Angles, the Lines CB and BD ſhall make one Ffireight 
Line. 
bn emogs you deny it, let CB and B D make one Right Line. | Figure 
| | | LIL 
Demonſtration, If ſo, then ſhall the Angles ABC and ABE be equal to two Right 
Angles; and equal to ABC and ABD. Which is abſurd. Eucl. El. L. 1.P. 14. | 


IV. If two Right Lines, A B and CD, cut through one another, then are the Angles 
which are oppoſite, viz. CEB and AED, equal one to the other. 


Demonitr ation. W OR the Angles AEC and CE B are equal to two Right Angles; and Figtre 
they are alſo equal to AEDand DEB: therefore CE B is equal to Jy, 
AED, Which was to be aemonſtrated, Eucl. EL. L. 1, P. 1s. | 


V. The greater Side. AC of every Triangle ABC ſabtends the greateſt Angle 
ABC. | 
ems 5 AC take away AD equalto AB, and joyn BD. 


F Demonſtration. Then is the Angle ADB equal to ABD: But ADB is greater than Figure 
3 therefore ABD is greater than C: Therefore the whole Angle ABC is greater V. 
13 63 | than 


[ 


— 
oy — 


Figure 
VII. 
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than C.- After the ſame manner may be proved ABC to be greater than A. Which wa; 
ro be demonſtrated. Eucl. El. L. 1.P. 19. 


VI. In every T1 455 ABC, under the greateſt Angle A, is ſubtended. the grea- 


teſt Side B 
| tration. FE AB be ſuppoſed equal to B C, then will the Angle at A be equal t 
mg tld: my the ab et C; which is contrary to the Hypotheſis : And if A B he 


greater than B C, then ſhall the Angle at C be greater than the Angle at A; which is 
alſo againſt the Hypotheſis : Wherefore rather, BC greater than A B, and after the 
ſame manner BC greater than AC. Which was t0 be demonſtrated. Eucl. EL L.1,P. 1g, 


VII. If a Right Line EF, falling upon two Right Lines, AB and CD, ſhall make 
the outward Angle AGE. of the -one Line, equal to CHG, the inward ay 
oppoſite Angle of the other on the ſame Side ; or make the inward Angles on 
the ſame Side AGH, and CH G, -equal to two Right Angles, then are the 
Right Lines AB and CD Paralels. | 


Demonſtration. TJ Irlt, Becauſe the Angle AGE is equal to the Angle CHG, therefore 
F are the Angles BGH and CHG alternate Angles, and equal ; and 


| therefore AB and CD are parallel. 


Secondly, Becauſe the Angles AGH and CHG are equal to two Right Angles, for 


| they are equalto AGH and BGH; thence is CHG equal to BGH, _ therefore 


Figure 
VIII. 


are AB and CD parallel. Which was to be demonſtrated. Eucl. EI. L. 1. P. 28, 


VIIL Of any Triangle ABC, one Side B C being drawn out, the outer Angle ACD 
ſhall be equal to the two inward and oppoſite Angles A and B; and the 


three inward Angles of the Triangle ACB, CAB, and ABC, ſhall be 
equal to two Right Angles. 
Conſtruttion. Rom C draw the Line CE, parallel to A B, 


Demonſtration. Then I ſay, that the Angle BAC is equal to the Angle ACE, and 
the Angle ABC is equal to the Angle E C D; therefore the Angles BA C and ABC to- 
gether, are equal to the Angles ACE and E CD, that is, equal to the whole Angle 
ACD: For the Angles ACD and ACB together, are equal to two Right Angles; 
therefore the Angles ABC, BAC, and ACB together, are equal to two Right Angles. 
Which was to be demonſtra;ed. Eucl. El. L. 1. P. 32. 

_ Corollaries. 

1. The three Angles of any Triangle taken together, are equal to the three Angles of 
any other Triangle, taken together. From whence ir follows, 

2, That if in one Triangle, two Angles ( taken ſeverally, or together ) be equal to 
two Angles of another Triangle (taken ſeverally, or together ) Then is the 
remaining Angle of the one equal to the remaining Angle of the other. In 
like manner, if two Triangles have one Angle of the one, equal to one Angle 
of the other, then is the Summ of the remaining Angles of the one Triangle, 
equal.to the Summ of the remaining Angles of the other. 

3. If one Angle of a Triangle be Right, the other two are equal to a Right : Like- 
_ that Angle in a Triangle which is equal to the other two, is a Right 
Angle. ; 

4. When in an Iſcoſceles Triangle the Angles made by the equal Sides are Right, the 
other two upon-the Baſe, are each of them half a Right Angle. | 

5. One Angle of an Equilateral Triangle makes two third parts of a Right Angle : 
for x of two Right Angles is 7 of one. 

| Scholium. 
By help of this Threorem you may know how many Right Angles, the inward and 
outward Angles of a Right-lined Figure make z as may appear by the two next fol- 
lowing Theorems, 


IX. 44 
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IX. 41 the Angles of a Right-line d Figure tozether, make twice as many Right 
Amles, abating Four, as there are Sides of the Figure. 


Rom any Point within the Figure let Right Lines be drawn. to all the Angles of the Figure 
Figure, which ſhall reſolve the Figure into ſo many Triangles as there are Sides of IX. 
the Figure : Wherefore, whereas every Triangle affords two Right Angles, all the Tri- 
angles taken together, will make up twice as many Right Angles as there are Sides; 
hot the Angles about the Pomat within the Figure make up four Right Angles: There- 
fore, If from the Angles of all the Triangles you take away the Angles which are about 
the ſaid Point, the remaining Angles ( which make up the Angles of the Figure) will 
make twice as many Right Angles ( abating Four) as there are Sides of the Figure. 
Which was :o be demonſtrated. : 
| | Corollary. | 
| Hence all Right-lined Figures of the ſame Species, have the Summs of their Angles 
equal. 
X, All the outward Angles of any Right-lined Figure, taken together, make ap 
Four Right Angles. 


þR all the ſeveral inward Angles of a Figure, with the ſeveral outward Angles of 
of the ſame, make two Right Angles; thefore all the inward Angles, together with 
al the outward, mzke twice as many Right Angles as there are Sides of the Figure : 
Bur, (a it was now ſhewed,) ali the inward Angles, with four Right Angles, make 
twice as many Right Angles as there are Sides of the Figure; therefore the outward 
Angles are equal to four Right Angles. Which was 10 be demonſtrated. | 
Corollary. | 
hy eyed Figures, of whatſoever Species, 'have the Summ of their outward An- 
gies equal. | | 


| 2 Fad 
Xl. In every Parallelogram AB CD, the Complements DG and GB, of thoſe 
Parallelograms HE and FI, which ftand about the Dftmetre A C, are &- 


qual one to the other. * 


Dwnration. F Oraſinuch as the Triangle ACD is equal to the Triangle ACB, and Figure 
the Triangle AGH to the Triangle AGE; and alſo the Triangle 2X. 

GCE.to the Triangle G CI; therefore the Pzrallelogram NG is equal to the Paralle- | 

lograp BG. Which was to be demonſtrated. Eucl. EL L. 1. P. 43. bY 


XIL. Is Right-ang/ed Triangles BAC, the Square BE, which is made of the Side 
BC, that ſubtendeth the Right Angle BAC, is equal to both the Squares 
BG and CH, which are made of the Sides AB and AC, which contain 
the Right Angle. | | 


—— Y or draw the Lines AD and AE, and by the Point A draw the Line 
| AM, parallel to E C. | 
Demonſtration. Recauſe the Angle DBC is equal to the Angle F BA, add to them Figiire 
the we ABC, common to them both; then is the Angle ABD equal roFBC: More- Xl. 
og, AB is cqual to FB, and BD to BC; therefore is the Triangle ABD equal to 
the Triangle & B C: But the Parallelogram'BM, is equal to the Triangle ABD; and 
the Parallelogram BG, equal to the Triangle F'B'C; (for GAG is one right Line by 
the 14 P. 1. Lib. Excl.) Therefore is the Parallelogram B M equal to the Square BG; 
and by the ſame way of argument, the Parallelogram C M is equal to the Square CH; 
terefore is the whole Square BE equal to both the Squares BG and BH. Whith was 
to be demonſtrated. Eucl. El. L. 1. P. 47. | LE 
Scholium. 

This moſt excellent and uſefull Theorem, hath deſerved the Title of Pythagoras his 
Theorem, becauſe he was the Inventor of it; and for that by help ot it, the Ad- 
dition and SubtraCtion of Squares, Circles, &c. and many of the Problems in this 

Book are by it demonſtrated. © - | 

; The foregoing Theorem illufrated in Numbers. | 
q ak the Side AB of the Triangle ABC be 28, the Side AC 21, and the Side BC 35; 
o_ that the Square BE, made of the Side BC 35, is equal to the Squares BG and 
$ made of the Sides BA 28, and AC 21. 
The 


—_——— 


Figure 
Xll., 


X1lI. 


230 


21 
21 


The Multiplication of the Ty 


Side A C 21, in it ſelf. 42 


4 4 1 The content of the Square CH, 


| 28 Sv 
The Multiplication of the ZJ >> : | 
SideAB 29S, in it ſelf. «6 


7 8 4 The content of the Square BG. 


35 
3 
The Multiplication of the J © > - 
Side BC 35, In it ſelf. _ 


i 22 5 The content of the Square BE. 


CH 441 
BG 784 | 
1225 The Summ of the two Squares BG and CH, 
equal to the Square BE. 


XIII. If the Square made upon one Side BC of a Triangle, be equal to the Squares 


made of the other two Sides of the Triangle AB and AC ; then the Angle 
BAC, comprehended under thoſe other two Sides of the Triangle AB 
and AC, is a right Adgl/c. 


as has 6 3 o4* to the Point A, in the Line CA, a perpendicular Line DA, ma- 
king AD equal to AB, and join CD.. | : 

Demonſtration. Now foraſmuch as the Line DA is equal to AB, the Square made 
of the Line DA, is equal to the Square of made the Line A B: Put the Square of the 
Line AC common to them both. Wherefore, the Squares of the Lines DA and AC, 
are equal to the Squares of the Lines BA and A C: But (by the foregoing Theorem ) 
the Square of the Line DC is equal to the Squares of DA and AC, for that the Angle 
DAC is a Right Angle; and the Square of BC is (by ſuppoſition) equal to the 
Squares of ABand AC: Wherefore the Square of DC is equal to the Square of BC, 
and the Side-D C, equal to the Side BC. And foraſmuch as AB is equal to AD, and 
AC is common to them both ; therefore theſe two Sides DA and AC, are equal to 
BA and CA, the one to the other, and the Baſe CD is equal to the Baſe B C; where- 
fore the Angle DAC is equal to BAC: But the Angle DAC is a Right Angle, where- 
forealſoBAC is a Right Angle. Which was to be demonſtrated. Eucl, El. L: 1. P. 48. 


XIV. 7n obtnſe anzled Triangles A B C, the Square that is made of the fide AC, 


ſubtending the obtuſe Angle ABC, is greater than the Squares of the 
fides B C, and AB, that contain the obtuſe Angle ABC, by a double 
rettangle figure D M, \ compoſed of one of the ſides C B, which are about 
the obtuſe Angle ABC, on which fide (being produced,) the Perpendicu- 
lar AD falls, and under the LineB D, taken without the Pg , 
from oF Point on which the Perpendicular AD falls, to the obtuſe Angle 
ABC. | 


_ es upon the ſides AC, AB, and CB, deſcribe the Squares CG, AL, 
| and B R,, and draw out the Side CB : Then from the Point A, let fall 
a Perpendicular to the ſide CB, extended in D, and continue it to. S. 

Demonſtration : 1 ſay, that the Square C G ſubtending the obtuſe Angle B, is equal 
to the Squares AL, and BR, by twice the rectangle D M. 
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&qual to the Root of 225, want the Square of 
@ Square Root is 12 for the Perpendicular AD. 


. | In a Circle EABC, equal right Lines AC and BD are equally diſtant 
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| AC 
CD and AD, KD 
he Squares of <4 Cp BD, AD, and twice the Parat. D MC ®< al equal 
CB, AB, and twice the Paral. D M 
| | Scholtum. " | 
gce the ſides of any obtuſe angled Triangle A B C being known, the Segment B D 
wpced between the Perpendicular A D, and the obtuſe Angle ABC, as alſo the 
ndicular it ſelf A D, ſhall be eaſily found: ont. > < 


| Illuſtration in Numbers. | x. | 

ACbe 20, AB 14, and CB 10; then is the Square of AC 4oo, of AB1gs, 
$100: Take the Square of AB 196, and the Square of C B 100, in all-2g6, out 
, the _ of AC, and there will remain 104, far twice the reftangle figure 
S, the balf whereof is 52 for BDMS. Divide this 52 by C B 10, and thence 
we 57, for the fide of the retangle BD; and ſo having AB and BD, the Per- 
Qar A D, may be found by the Theorem laſt b:fore going, 47 P. Enel. + . 


ly acute angled Triangles A B C, the Square made of the fide A B, ſabten- _. 

* ding the acute Angle ABC, is leſs then the Squares made of the fides . 
ACand BC, comprehending the acute Angle A C B, by a double reftan- 

gle contained under one of the fides B C, which are about the acute Ang/e. 
ABC, on which the Perpendicular A D falls, and under the Line CD, ta- 

"ken within the Triangle, from the Perpendicular A D, to the acate Angle 

/ACB. | bes - 

ion. 'Y Pon the fides AB, AC, and CB, deſcribe the reſpective Squares A Ly Figure 

5 AF, and BG, and from the Point A, let fall the Perpendicular A H,' X1V. 
he ſide B C in the Point D. | | 

frration ; I fay that the Squares of the ſides AC and BC, comprehending the 


gleACB, are greater than the Square of A B, oppoſite to the acute Angle A 
f twice the reCtangle D G, for Eg 


CACandBC —y ) 
AD,DCand BC : 
| he of F D, B D, and twice the Paral. G os are all qual. 
þ AB and twice the Paral. DG, | 


4 Corollary. 

te-the ſides of any acute angled Triangle, A BC, being known, you may figd 

| ſegment D C, intercepted between the Perpendicular A D, and the. acute An- 

zB; as alſo the Perpendicular it ſelf AD. "A | | 
| Illoſtraflon in Numbers. : 


- 


B be13, AC 15, and BC 14; then will, 


| AB be 169. 
The Square fg AC be 225. 
BC be 196. 


ike 4 B 169, from ACand BC 225 and 1g6, that is from 421 and there will 
M 252, for twice the Parallelogram D G ; wherefore D G will be 126, which di- 


7 BC 14, and thereof will come 9 for DC A "_ ep . —_— that A 
9 Which is B81, that is 144 


from the Centre E, and right Lines A C and BD, which are equally di- 
ſtant from the Centre, are equal among themſelves. 


uZion. I, Rom the Centre E, draw the Perpendiculars E F and E G, which wilt Figure 


biſeCt the Lines ACand BD; joynalſoEA and E B. XV. 


$4 onftration: I ſay 1, ACis equal to BD, therefore AF is equal to B G; but al- 
A 1s equal to E B, therefore the Square of F E, is equal to the Square E A,wanting 
Square AF ; equal to the Square ot BG and therefore EF and E G are equal, 


2. EF 
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Figure Conſtruftion. JYRaw to the Point A, in the Line C A, a perpendicular Line DA, 


XII, 


X11. 


The Multiplication of the 


Side AC 21, in it ſelf. 42 


441 The content of the Square CH. 


28 v 


The Multiplication of the 
SideAB 238, in it ſelf. 


7 8 4 The content of the Square BG. 


335 


3 
The Multiplication of the 2 


Side BC 35, init ſelf. J, , 7? 


122 5 The content of the Square BE. 


CH 441 
BG 784 | 


1 2 2 5 The Summ of the two Squares BG and 
equal to the Square BE. F: 


XIII. If the Square made upon one Side BC of a 7, riangle, be equal to the Sp 
made of the other two Sides of the Triangle AB and AC; then the 4 


BAC, comprehended under thoſe other two Sides of the' Triangle 
and AC, ts a right Adgle. + oo 


. 
OI 


king AD equal to A B, and join CD. , 

Demonſtration. Now foraſmuch as the Line DA is equal to A'B, the Square 1 

of the Line DA, is equal to the Square of made the Line A B: Put the Square ol 

Line AC common to them both. Wherefore, the Squares of the Lines DA and 
are equal to the Squares of the Lines BA and A C: But ( by the foregoing Theoy 
the Square of the Line DC is cqual to the Squares of DA and AC, for that the & 
DAC is a Right Angle; and the Square of BC is (by ſuppoſition ) equal to 
Squares of ABand AC: Wherefore the Square of DC is equal to the Square of*] 

and the Side-D C, equal to the Side BC, And foraſmuch as AB is equal to A D, 
AC is common to them. both ; therefore theſe two Sides DA and AC, are equa 
BAand CA, the one to the other, and the Baſe CD is equal to the Baſe B C; whe 
fore the Angle DAC is equal to BAC: But the Angle DAC is a Right Angle, whe 
fore alſo BAC is a Right Angle. Which was to be demonſtrated. Encl. El. L. 1. P. 48 


' XIV. 7n obtuſe anzled Triangles A B C, the Square that is made of the fide A 


ſubtending the obtuſe Angle A BC, is greater than the. Squares of t 
fides BC, and AB, that contain the obtuſe Angle ABC, by a doubt 
rettangle figure D M, > compoſed of one of the fides C B, which are abs 


the obtuſe Angle ABC, on which fide (being produced,) the Perpon 
lar AD falls, and under the Line B D, taken without the Tria 


from the Point on which the Perpendicular AD falls, to the obtuſe Ang, 
ABC. 


Conſtruttion. 


irſt upon the ſides AC, AB, and CB, deſcribe the Squares CG, AI 


and BR, and draw out the Side CB : Then from the Point A, let fa 
a Perpendicular to the ſide CB, extended in D, and continue it to. S. G 


Demonſtration : 1 ſay, that the Square CG ſubtending the obtuſe Angle B, is equa 
to the Squares AL, and BR, by twice the rectangle D M. - 
p ot; ; 34 


4% 
x " 


S. 
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AC 
CD and AD, : SDN, 
For the Squares of < © B, BD, AD, and twice the Paral. D MC *< al equal 
CB, AB, and twice the Paral..D M 
| Scholium. | m 
Hence the ſides of any obtuſe angled Triangle A B C being known, the Segment B D 
intercepted between the Perpendicular A D, and the obtuſe Angle ABC, as alſo the 
Pervendicular it ſelf A D, ſhall be eaſily found: ont. | YH 
: Illuſtration in Numbers. | PL 
| IetACbe 20, AB 14, and CB 10; then is the Square of AC 4ao, of AB1gse, 
of CB 100: Take the Square of AB 196, and the Square of C B 100, in all-296, out 


of 400, the Square of A C, and there will remain 104, far twice the reftangle figure 


BDMS, the balf whereof is 52 for BDMS. Divide this 52 by C B 10, and thence 
will come 53, for the ſide of the retangle BD; and fo having AB and BD, the Per- 
pendicular A D, may be found by the Theorem laſt b:zfore going, 47 P. Emel. + 


XV. In acute angled T1 riangles ABC, the Square made of the fide A B, ſubten _. 


ding the acute Angle ABC, is leſs thew the Squares made of the fides 
ACand BC, comprehending the acute Angle A CB, by a double refan- 


gle contained under one of the fides B C, which are about the acute Angle. 


ABC, on which the Perpendicular A D falls, and under the Line CD, ta- 
ken within the Triangle, from the Perpendicular A D, to the acate Angle 
ACB. | | | 
es B wy the ſides AB, AC, and CB, deſcribe the reſpeCtive Squares A Ly 
AF, and BG, and from the Point A, let fall the Perpendicular A Hz' 
cutting the ſide B C in the Point D. ND 
Demonſtration ; 1 ſay that the Squares of the ſides AC and BC, comprehending the 
xute Angle A C B, are greater than the Square of A B, oppoſite to the acute Angle A 
BC, by twice the reftangle D G, for | | © odli 


| {ACandBC | y 
| AD,DCand BC | | 
The Squares of f D, B D, and twice the Paral. G 4 are all equal. 
AB and twice the Paral. DG, 


| Corollary. | | | 
Hence-the ſides of any acute angled Triangle, ABC, being known, you may fiad 


out the ſegment D C, intercepted between the Perpendicular A D, and the acute An- 


geACB; as alſo the Perpendicular it ſelf AD. 
| llloſtraffon in Numbers. 
let AB be13, AC 15, and BC 14; then will, 


SACK 169. 


- 


The Square of < AC be 225. 


BC be 196. 


Take AB 169, from ACand BC 225 and 196, that is from 421, and there will 
remain 252, for ewice the Parallelogram DG ; wherefore D G will be 126, which di- 
de by BC 14, and thereof will come 9 for DC; from wheoce it follaws, that A 
Dis equal to the Root of 225, want the _ of CD 9 Which is 81, that is 144 3 
Whoſe Square Root is 12 for the Perpendicular AD. | 


XVI. In a Circle EABC, equal right Lines AC and BD are equally diſtant 
from the Centre E, and right Lines A C and BD, which ate equally di- 
fant from the Centre, are equal among themſelves. 

Cufrufion. F7Rom the Centre E, draw the Perpendiculars E F and E G, which wilt 

biſe& the Lines AC and BD; joynalſoEA and EB. 
Demonſtration: 1 ſay 1, ACis equal to BD, therefore AF is equal to BG; but al- 
DEA is <qual to E B; therefore the Square of F E, is equal tothe Square E A,wanting 
Square A F ; equal to the Square of BG; and therefore EF and E G are equal, 


2. EF 


Figute 
X1V. 


Figure 
XV. 


—_ 
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Figure 
XVII. 


Figure 
- XVII. 


FF is equal to EG, therefore the Square of AF is equal to the Square E A, wan- 
ting ik ot of EF, equal to the Square of E B, wanting the Square E G: And 
therefore A F is equal to BG; and conſequently, AC to B D. Which was to be De. 
monſtrated. Eucl. El. Lib. 3. P. 14- | 


VII Is a Circle DABC, the Angle BDC, at the Centre, is double to the 
" j Angle B A C, at the Circumference ; when the ſame Arch of the Circle 
B C, is the Baſe of the Ang/es. 


Conſtrution. FN Raw the Diametre A D E. 


Demonſtration: Then the outward Angle BDE, is equal to the Angles DAB and 
DBA, both which Angles are equal to the Angle D A B twice. Likewiſe the Angle 
EDC is equal to twice D AC; therefore in the firſt Caſe, the whole Angle BDCis 
equal to twice BAC; and in the third Caſe, the remaining Angle BDC is equal to 
the Angle BAC twice. Which was to be Demonſtrated. Eucl. El. Lib. 3. Pr. 20. 


XVIII. The Ang/es ADC and AB C of a Quadrilateral Figare, AB CD, deſ 
crited in a Circle, which are oppoſite one to the other, are equal to two 


right Angles. | 
Cofrattion, Fry rar the two right Lines AC and BD. 


- Demonſtration : | ſay that the three Angles of the Triangle AB C,viz. BAC, ABC, 
and BCA, are equal to two right Angles: But BDA js equal to BCA, and 


'BDC is equal to BA C: Therefore ABC and A D C, are equal to two right Angles. 


Which was ro be Demonſtrated. Eucl. El. Lib. 3. P. 22. 
| Corollary. 

r. Hence, if one fide AB of a Quadrilateral, deſcribed in a Circle, be produced, the 
external Angle EB C, is equal to the internal Angle ADC; which js oppoſite to that 
ABC, which is adjacent ro E BC. | 

2. A Circle cannot be deſcribed about a Rhombus or Rbomboyades, becauſe their opp0- 
ſite Angles are greater or leſſer than two right Angles. 

Scholzum. | | | 
Ifin a Quaarilateral figure AB CD, the Angles A and C, or B and D (which are 


oppolites,) be equal to two right Angles, then may a Circle be deſcribed about that 
Equilateral figure. 


XIX. In a Circle the Angle ABC, which is in the Semicircle, is a right Ame ; 
but the Angle which is in the greater Segment B AC, is leſs than a 
right Angle, and the Angle whit is in the leſſer Segment BF C, is 
greater than a right Angle. Moreover, the Angle of the greater Segment 


is greater than a right Angle, and the Angle of the leſſer Segment is leſs 
than a right Angle. | 


Conſtruttion. F\Rom the Centre D, draw a Line DB. 


Demonſtration: Becauſe DB is equal to D A, therefbre is the Angle D A B, equal to. 
the Angle ABD, and the Angle DCB equal to the Angle DB C. Therefore the 
Angle A BC, is cqual to the two Angles CAB, and BCA, equal to E BC the outer. 
Angles ; ſo that ABCand EBC are right Angles; which was to be demonſtrated: 
therefore B A Cis an Acute Angle, which was alſo to be demonſtrated. And farthermore, 
whereas BAC and BF C are equal to two right Angles, therefore BF C is an obtuſe 
Angle. Laſtly, the Angle contained under the right Line BC, and the Arch BAC, 
is greater than the right Angle ABC: But the Angle made .by the right Line CB, 
and the Periphery of the leſſer Segment BFC, is leſs than the right Angle ABC. 
Which was to be demonſtrated. Eucl. EI. Lib. 3.P. 31. 

: ; Scholium. 
In a right angled Triangle ABC, if the Hypotenuſe (or ſnbtended Line) AC, be 


biſected in D, a Circle drawn from the Centre D, through the Poir t .\, ſhall alſo 
paſs by the Point B. 


XX. If 


PE; 
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XX. If a right Line AB touch a Circle, and from the Point of contat be draws a 
Line CE, cutting the Circle ; the Angles ECB and ECA, which it 
makes with the Tangent Line, are equal to thoſe Augles EDC and EF C, 
which are made in the Alternate Segments of the Circle. 


Demonſtration. . 
| therefore is C D the Diametre, and therefore, alſo the Angle CE D 


is 3 right Angle, it being in the Scmicercle DEC. T herefore the Angles CDE and. 


DCE are equal to a right Angle; that is, they are equal to ECB, and DCE: 


Therefore the Angle CDE is equal to E CB. - Which was to be demonſtrated. FEucl. 


El. Lib. 3. P. 32. L 
Now whereas the Angles ECB and ECA are equal to two right Angles, namely, 


tD and F, from both of theſe rake away ECB and D, (which are equal,) then re- 
mains B C A equal to F. Which was zo be demonſtrated. Eucl. El, Lib. 3. P. 32. 


XXL If in a Circle CADB, two right Lines AB and DC cut each other, the 
Reilangle comprehended under the Segments AE and EB of the one, ſhall 
be equal to the Rectangle comprehended under the Sezments E C and ED 


of the other. 
Confirution, On C A and BD. 


ET CD, the ſide of the Angle EDC, be Perpendicular to AB, Figure 


XIX. 


Demonſtrari:n. Foraſmuch as the Angles CEA and DEB areequal, and alſo C and B Figure 


(upon the ſame Arch A D) are equal; thence are the Triangles CEA and BED e- 
quiangular : Wherefore CE is to EA, as EB 1s toED, and conſequently, the Rec- 
taygle Figure made of CE and E D, ſhall be equal to the Rectangle Figure made of 
AEand EB, Which was to be demonſtrated. Eucl. El. Lib. 3. P, 35. : 


XXII If any Point D be taken without a Circle E BC A; and from that Point 
two right Lines D A aud DB fall upon the Circle, whereof one D A 

cuts the Circle, and the other D B only touches it ; the Reffangle com- 
prehended under the whole Line D A that cuts the Circle, and under 

D C that part which is taken from the given Point D, to the convex of 

the Periphery, ſhall be equal to the Square made of the Tangent Line 


D B. | 
woman Þ the two right Lines AB and BC. 


Demonſtration. Foraſmuch as the Angle at A, aud the Angle D B C are equal, and the 
Angle at D common to them both ; thence are the” Triangles BDC and A BD equi- 
angular : Wherefore AD is in Proportion to DB, ſo is DB w DC. And conſe- 
quently, the Rectangle Figure made of AD and BC ſhall be equal to the Square made 
of DB. Which was to be demonſtrated. Eucl. El. Lib. 3. P. 36. 

Corollaries, 

1. Hence, if from any point A, taken withont a Circle, there be ſeveral Lines as A B, 
AC drawn which cut the Circle, the ReCtangles comprehended under the whole Lines 
AB, AC, and the outward Paris AE, AF, are equal between themſelves. 
| Forif the Tangent AD be drawn, then is the ReCtangle made of C A'and AF, equal 
to the Square of AD: Alſo the ReQangle mace of AB and AE, ſhall be likewiſe 
equal to the Square made of 'A D..... 15408; ' Wes » 7 AT: 

2. It appears. allo. from hence, That if two Lines, A B and A C, drawn; from the 
_ © without the Circle, do touch the Circle, thoſe two Lines are equal.one to 

e other, 

For if A E be drawn cutting the Circle, then is the Square: of AB equal to the 
Rectangle made of EAandAF; and al:o to the Square of AC. | 

3- It is alſo evident, That from a Point A,taken without a Circle,there can be-drawn 
but two Lines, A B and AC, that ſhall touch the Circle. 
| Forifa third Line A D be ſaid to touch the Circle, then is A D equal to AB, and 

lotoAC; which is abſur'd. 


Li | 4. And 


XX, 


Figure 


XXl. 
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4. And on the contrary, it is plain, That if two equal right Lines, AB and BC, fall 
from any Point A upon the Convex Periphery of a Circle, and if that one of theſe e- 


qual Lines A B touch the Circle ; then the other Line A C touches the Circle alſo. 


For, (if pollible,) let not AC, but ſome other Line, A D, touch the Circle ; there. 
fore is AD equalto ABorCD; which is alſo abſurd. | 

5. It is alſo demonſtrable, That either of the Lines AB or AC, are a Mean Propor- 
tional Line, between AE and AF. | | 

For it is already demonſtrated, That the Square made of AC or CB is equal to the 
ReCtangle Figure made of AE and AF. 


XXIII. Parts, CandF, are in the ſame Ratio with their like Multiplices, A B and 
DE; if taken correſpondently, (as A BistoDE, ſo is CroF,) 


At : —— B 
C i 

D } . "Pf 
Fl — 


Demonſtration. ET AG and GB, parts of the Multiplex A B, be equal to C; and let 
DHandHE, parts of the Multiplex D E, be equal to F ; the Num- 


| ber of theſe Parts is equal to the Number of thoſe : Therefore, whereas G A and 


GB (or AB) is to DH and HE, (or DE,) ſoisCtoF. Which was to be demonſtra- 
ted. Eucl. El. Lib. 5- P. I5. . 


XXIV. If four Magnitudes A, B, C, and D, be Proportional, they alſo ſhall be 
alternately Proportional ; (as AtoC, ſoBtoD,) 


Ii 


T 
| 
P| 1 


w- - - id. "Ir ee- +4 
E A:B FF: @:£© Þ 


v5 111 469:69 Þ Rhoy E and F, CANON of C and D: Therefore E is to F 


 aSAtoB, andAisto B asCistoD, and Cisto D as G is to 
H. Wherefore, if E be greater, equal, or leſs than G; then likewiſe is F greater, &- 


qual, or leſs than H: Therefore A is to C, as B is to D. Which was to be demonſtrated. 
Eucl. EL. Lib. $. P. 16. : TY "of 0 be nſtr 


XXV. In 


- " 
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V. If Magnitudes compounded be Proportional, (as ABtoC B, ſo is DE #0 
nd F E,) they ſhall be Proportional alſo when drvided; (AC to CB, as 


DF rFE) 
N 
| . 
: 
L1 ; 
M + 
wi BB 
E K+ 
1.205 = 
| Ft 
& 1 
G-- A Dx 


DewnſtrationqAke GH, HL, IK, KM, in Order; the Equimultiplices of AC, 

T CB, DF, and FE; and alſo LN, MO, the Equimultiplices of 
CB, and FE, The whole GL is as Multiplex to the whole AB, as one GH, 
of one AC; that is, as 1Kof DF: Or, as the whole IM, of the whole DE. Alſo, 
HN, (or HL, and L'N,) is as Muluplex *of CB, as KO, (or KM, and MO,) 
is of FE: Therefore, whereas by the Hypotheſis, AB is to BC, as DE to EF. 
If GL be greater, equal or leſs than H N ; then likewiſe, will I M be greater, equal, 
or leſs than K O. Take from thoſe HL and K M that are equal, and if the Remain- 
der GH be greater, equal or leſs than L N, then will I K be greater, equal, or leſs 
thnMO. Whence, ACistoCB, as DF is to FE. Which was to be demonſtrated. 
Encl. El. Lib. 5. P. 17. | 


XVI. If the whole A B, be to the whole D E, as the part taken away A C, 3s 
to the part taken away DF; then ſhall the _ CB, be 7o the refi- 
due FE, as the whole AB is to the whole DE: 


C 
A — —1 Þ 
a © 
F 
D - — - ————— i\E 


Demonſtration. Ty Ecauſe AB isto DE, as ACis to DFE; therefore by permutation, 
B; B is to BC, as DEistoEF, and thence by Diviſion: AC is to q 

CB, a DFtok E. Wherefore again by permutation, as ACis toDF, as CBisto | 

FE; thatis, as AB isto BE, foisCBtoFE. Which was to be demonſtrated. Eucl, 


El Lib, 5. P, 19, 


Corollary. 
Hence if like Proportionals be ſubtrafted from like Proportionals ; the reſidues 
ſtall be Proportional. 
>” Hence is Converſe Ratio demonſtrated. 

Lt ABbetoCB;zas DEto FE: I ſay that ABisto AC, as DE is to DF; for by 
permutation, AB is to DE, aSCBistoFE: Therefore AB is to DE, as AC to - 
*; whence again by permutation, ABis toAC, as DE is to DF.- Which was to 

dmonſirated. 


liz XXVII if 
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"Vil. If the Firſt. Magnitude AB, have the fame Ratio ?o'the Second C, which 
| w__ 4 the Tl = BE hath to the Fourth'F, and if the Fifth B G have the 
(1 ſame Ratio to the Second C, which the Sixth E H hath to the Fourth 
Fe T hen ſhall the Firſt, compounded with the Fifth, (A G,) have the 
ſame Ratio to the Second C, which the Third, compounded with the 
Sixth, (D H,) hath to the Fourth F. 


B 
A 4 - G 
C.— —þ 
D mw = 
F _ 


Bemonſtration. [FOR becauſe AB is toC, as DE isto F; and by the Hypotheſis and 
ws F inverſion, C is to BG, as F toE H: Therefore, by Karr AB 


isto BG, as DE to FH; whence by compounding, AB is to BG, as DHto EH. 
Alſo, BG is to C, as EH istoF. Therefore again by equality, AG is to C, as D H 
isto F. Which was 40 be demonſtrated. Eucl. EI. Lib. 5. Pr. 24. 


XXVIIIL 1f Four Magnitudes be Proportional, (as AB toCD, ſo E to F,) the 
greateſt AB, and the leaſt F, ſhall be greater than the reff, CD 


and E. 
+ "FR NS G —_ 
C CORY D 
E . le f 
F ' 


Chaflraiies. If Ake the Magnitude A G equal to E, and CH equal to F. 


Demonſtration : Becauſe AB is to CD, as E toF, andE is toF, as AGistoCH; 
thence is AB to CD, as GBis to HD: But AB is greater than CD; wherefore G 
Bis greater than HD: But AGand F are equal toEandCH); therefore A G and F 
anc G B, are greater than E and CH and H D. That is, AB and F together, are 
greater than E and CD together. Which was tobe dgmonſtrared, Eucl. El. Lib, 5. Pr. 25. 


XXII. Of Four Magnitudes, if the Firſt have a greater Proportion to the Second, 
than the Third to the Fourth; then contrariwiſe, by Converfion, the 


Second ſhall have a leſs Proportion to the Firſt, than the Fourth to 


the Third. 
A m— Fs fws 
B — —} =; p ks 
E — 


Demonſtration. | ET the Ratio of A to B be greater then that of C to D: I ſay, that 

the Rario of B to A, is leſs than that of D toC: For conceive the 
Ratio of Cto D to be equal to the Ratio of E to B; therefore the Rarjo of AtoB is 
greater than the Rario of E to B - Whence A is greater than E ; therefore the Katio of 
Bto A is leſs than that of Bro E, or of D to C. Which was to be demonſtrated. 


KXX. Of 
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XXX: Of Four Magnitudes, if the Firſt have a greater Proportion to the Second, 
than the Third hath to the Fourth ; then, alternately, the Firſt (hall 
have a greater Preportion to the Third, than the Second: hath to the 


Fourth. 
A —— + Cr A 
B —— DÞD — 
=o _— 


Demonſtration. | ET the Ratio of A to B be greater than that of C to D; then I ſay 
| that the Ratio of A to C ſhall be greater than that of B to D: For 
conceive the Ratio of E to B to be equal tp that of C to D;. therefore A is greater than 
E, and. therefore the Ratio of A to C is greater than that of E to C, or of B to D. 
Which was ro be demonſtrated. 


XXXI. Of Four Magnitudes, if the Firſt have a greater Proportion to the Second 
than the Third to the Fourth; then the Firſt, compounded with the Se- 


cond, ſhall have a greater Proportion to the' Second, than" the; Third, 
compounded with the Fourth, hath to the Fourth. Fu 


G 
CD nA. 


2 | 
D ——————_F n 


gn the Ratio of AB to BC he greater than that of DE to EF : I fay 

that the Rartioof AC to BC is greater than that of DEtoEF; 
for conceive the Ratio of G B to be equal to that of DE toEF; therefore is AB grea- 
ter than GB: add BC to each Part; then will AC be greater than GC, and there- 


fore the Rario of AC to BC is greater than that of GC to BC; that is, of DF to FE. 
Which was to be demonſtrated. 


XXXII. Of Four Quantities, If the Firſt, compounded with the Second, have a 
| greater Proportion to the Second, than the Third, compounded with the . 
Fourth, hath to the Fourth ; then, by Diviſion, the Fir ſhall have a 
greater Proportion to the Second, than the Third hath tothe Fourth. 


< 
Þ. ; Þ P 
FT TE: . — C 
E 
D ————F 


| _—_—_—— the Ratio of AB to BC be greater than that of DE to EF; then 

I ſay, that the Ratio of ABto BC is greater than that of DE to 
EF; for conceive the Kario of GCto BC, to be equal to thatof DE to EF, there- - 
fore AC is greater than GC: Take away BC, which is common, and there will re- 
main AB greater than BG: Therefore, the Ratio of AB to BC is greater than that of 
UBtoBC, or that of DE to DF. Which was to be demonſtrated. 


XXXIIL of 


ws _ - wy ww 7 apy. - 
| wp 05- $oror _ 
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XXXIII. Of Four Quantities, If the Firſt, compounded with the Second, have 4 


greater Proportion to the Second, than the Third, compounded with the 
Fourth, hath to the Fourth; then, by converſe Ratio, ſhall the Firſt, 
compounded with the Second, have a leſſer Ratio to the Firſt, than the 
Third, compounded with the Fourth, ſhall have to the Third. 


> REES... i C 


D 4 


Demonſtration. | ET the Ratio of A to B C be greater than that of DF to EF: Then 


I ſay that the Ratio of ACto AB is greater than that of DF to 


DE; for becauſe that the Ratio of AC to that of BC, is greater than that of DF to 
EF: Therefore, by Diviſion, the Rario of AB to BC, ſhall be greater than that of 
DE to EF; by converſion therefore, the Kario of BC to that of AB ſhall be leſſer 
than the Rarioof EF to that of DE ; and therefore, by compoſition, the Ratio of AC 
to that of A B, ſhall be leſſer than that of DF to DE. Which was to be demonſtrated. 


XXXIV. If there be Three Magnitudes A, B, and C, and other Three alſo D, 


E, and F, equal to them in number; and if there be a greater Pro- 

portion of the Firſt of the former to the Second, than there is of the 

Firſt of the laſt to their Second, (A to B greater than D to E:) And 
there be alſo a greater Proportion of the Second of the Firſt Magni- 
tude to the Third, than there is of the Second of the laſt Magnitudes 

to their Third, (B to C greater than E to F;) then by equality alſo, 

ſhall the Ratio of the Firſt of the former Magnitudes to the Third be 

greater than the Ratio of the Firſt of the latter Magnitudes to the 

Third, (A to C greater than D to F.) 


Demonſtration. f 
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Onceive the Ratio of G to C, to be equal to the Rario of E to F; 
therefore-is B greater than G ; and therefore the Rario of A to B, 


is greater than that of A to G : Again, conceive the Ratio of H to G, to be equal to 
that of D to F; therefore the Ratio of H to G, ſhall be leſler than that of A to B; 
therefore, much more ſhall the Ratio of H to G, be leſſer then that of AtoG, 
wherefore A is greater than H, and conſequently, the Ratio of A to C, greater than 
that of HtoC, or D to F. Which was to be demonitrated. 


XXXV. If there be Three Magnitudes A, B, C, and others D, E, F, equal to 


them in Number, and there be a greater Proportion of the Firſt of 
the former Magnitudes to the Second, than there is of the Second of 
the latter to the Third, (the Ratio of A to B greater thay the Ratio 
of E toF;) and alſo the Ratio of the Second of the former to the 
Third, be greater than the Ratio of the Firſt of the latter to the S:- 
cond, (the Ratio of B to C greater than that of D to E.; ) then by 
equality alſo, ſhall the Proportion of the Firſt of the former to the 
Third, be greater than that of the Firſt of the Latter to the Third, 
( the Ratio of A to C greater than that of D to E.) 
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Demonſtration. "PHE Demonſtration of this Theorem is altogether like that of the 
| T precedent T heorem. 


XXXVI. If the Proportion of the Whole AB to the Whole C D, be greater than 
the Proportion of the Part taken away AF, to the Part taken away 
CF; then ſhall alſo the Ratio of the Remainder EB to the Remain- 
der FD, be greater than that of the Whole A B to the Whole CD. 


E 
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Demonſtration. Py Ecauſe that the Ratio of AB to CD is greater than the Ratio of AE - 


ro CF; therefore by permutation, the Rario of AB to AE, is grea- 
ter than that ot CD to CF: Therefore by converſe Rario, the Ratio of ABtoEB, is 
lefer than that of CD to F D: and by permutation again, the Rarioof AB to C D, is 
leſler than that of EB ro FD. Which was to be demonſtrated. 


XXXVIL. Triangles, ABC and ACD, and Parallclograms, BCAE and CDFA, 
which have the ſame highth, are in proportion one to the other, as 
are their Baſes BC and CD. 


moons © as many as you pleaſe, BG and GH, equal toBC, and alſo DK 
equal to C D, and joyn AG, AH, and AK, 

Demonſtration, . I Gy the Triangles ACB, ABG, and AGH are equal, and alſo the 
Triangle A C D equal to the Triangle ADK*: Therefore the Triangle A HC, is as 
_ of the Triangle A B ©, as the Baſe H C is of the Baſe B C; and the Triangle 
ACK, as Multiplex of the Triangle A CD, as the Baſe CK is of CD. ButifH C bez 
greater, equal, or leſs than C K, then likewiſe is the Triangle AH C, greatergequal, or 
leſs than the Triangle ACK; and therefore BC is to CD, as the Triangle AB Cisto 


Figure 
XX1l. 


the Triangle ACD; and as the Triangles ABC, and ACD are in Proportion, ſo are . 


 teParallelograms CE and CF. Which was to be demonſtrated. Eucl., El. L. 6. P. 1. 
| Scholiam.. 
Hence Triangles, ABCand DE F, and Parallelograms, AGBCand DEFH, whoſe 
tals BC and E F are equal, are in ſuch Proportion as their Altitude. 
oo LE IL equal toCB, and KM equaltoEF, and joyn 1 A, LG, MD, 
| and M H. | « 
Demonſtration. Then it is evident, that the Triangle ABCis to the Triangle DE F, 
SALl iStoDK M; and ALlis to DKM, as AListo DK; andALtoDK, as 
the Parallelogram AGBC is to the Parallelogram DEFH. Which was ro be de- 


nuſtrated, 


XXXVIII. If to one fide B C of a Triangle A BC, be drawn a Parallel right Line 

DE, the ſame fhall cut the fides of the Triangle Proportionally ; 

(as AD 70DB, ſois AEtoEC;) and if the fides of the Triangle 

be Proportionally cut, (as AD t10BD, ſo is AEto EC;) then a 

right Line, D k, joyned at the Seitions D and E, ſhall be Parallel to 
the remaining fide of rhe Triangle B C. 

any © a Line DE Parallel to the fide BC of the Triangle ABC: Al- 
ſo draw the right Lines CD and BE. 


Demonſtration, For the firſt part of the Theorem, becauſe the Triangle DEB - 
| £©qua 


Figure 
XXII. 


Figure 


XX1V. 
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Figure 
XXV. 


equal to the Triangle DEC ; therefore ſhall the Triangle ADE be in proportion to 
the Triangle DBE, as the Triangle ADE is to the Triangle ECD: But che Triangle 
ADE is to the Triangle DBE, as AD is to DB; and the Triangle ADE is to the 
Triangle DEC, as AE is to EC: Therefore AD is ro DB, as AE is to EC. 

For the Second Part of the Theorem : Becauſe AD is to.D B, aSAE is to EC, that 
is, the Triangle ADE is to the Triangle DBE, as the Triangle ADE is to the Tri. 
angle ECD; therefore the Triangle DBE is equal to the Triangle E CD: And there. 
fore DE and BC are Parallels. Wh:ch was to be demonſtrated, Eucl. EI. L.6.P. 2. 

| ' Scholium. | 

If there be drawn many Parallels to one Side of any Triangle, then all the Segments 

of the Sides ſhall be proportional. 


XXXIX. If an Angle BAC of a Triangle B AC, be biſeted, and the right 
Line DA, that biſeits the Angle, cuts the Baſe alſo; then ſhall the 
Segments of the Baſe have the ſame Ratio (or Porportion) that the 
other Sides of the Triangle have: ( that is, as BD to DC, ſo is 
ABt AC.) And if the Segments of the Baſe have the ſame Ra- 
tio, that the other Sides of the Triangle have; ( that is, as BD 7 
DC, ſo AB to AC;) then a right Line, AD, drawn from the top 
A, to the Settion D, ſhall bifett the Angle BAC of the 7, riangle. 


Roduce the Side BA of the Triangle ABC, and make AE equal to AC, 
and join C and E. R S 
Demonſtra:ion. For the Firſt Part of the Theorem : Becauſe AE is equal to AC, 

therefore the Angle ACE is-equal to the Angle AE C,-and alſo to half the Angle 

BAC, which is equal to DAC,; therefore DA and CE are parallel : Wherefore B a 

is to BE (or AC) as BDis to DC. 4 
For the Second Part of the Theorem : Becauſe BA is to AC, (or AE,) as BD is to 

DC; therefore DA and CE are Parallels; and therefore is the Angle BAD equal to 

the Angle BEC, and the Angle DAC to the Angle ACE, (or AEC: Therefore 

the Angle BAD is equal to the Angle DAC: Wherefore the Angle BAC is biſeQed. 

Which was to be demonſtrated. Eucl. EI. L. 6. P. 3. 


Conſtrudtion. 


- XL. Of Fquiangular Triangles, ABC, and DCE, the Sides which are about the 


Figure 
XX VI. 


equal Angles are proportional: (AB is to BC, as DC is to CE, &c.) 
And the Side AB is to DC, as AC to DE, &c. which are ſubtendent 
under the equal Angles ACB, and DEC, &c. are homologous, or of like | 
Ratio, or Proportion. 

by peeps, x 6d the Side BC of the Triangle ABC in a diret Line to the Side CE 
of the Triangle DCE, and produce the Sides BA and E D till they 

meet in F. | | | 
Demonſtration. Becauſe the Angle ABC is equal to the Angle DCE, therefore BF 
and CD are parallel : Alſo, becauſe the Angle BCA is equal to the Angle CED, 
therefore are CA and EF parallel: Therefore the Figure CAFD is a Parallelogram ; 


and alſo AF and CD are equal; and AC and F Þ alſo equal. * Whence it is evident, 
'* That AB is toAF, (or CD,) as BCis to CE: By permutation therefore, AB is to 


BC, as DC isto CE: Alſo, as BCistoCE, ſoisFD or(AC) toDE; and thence 
by permutation, as BC is tro AC, ſo is CE to DE: Wherefore alſo by equality, as 
ABis toAC, ſois DC to DE: Therefore, of Equiangular Triangles, &c. Which 
was i0 be demonſirated. Eucl. EL L.6. P. 4. 
Corollary. 
Henceas AB to DC, ſois BC to CE. 
And as BC is to CE, ſois ACtoDE. 
Scholuum. 
| Hence if in a Triangle BFE there be drawn AC, parallel to one Side thereof FE, 
the Triangle BAC ſhall be like to the whole Triangle FBE. 


XLI. 1f two Triangles, AB C aud D EF, have one Angle A B FE: equal to one An 

gle DEF, and the fides about the equal Angles ABC; and D EF Pro- 

portional, (as AB toBC, ſo DE ro DE;) rhen thoſe T1 riangles A As 
% | an 


i 
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and D E F, are Equiangular, and have thoſe Angles Equal, under which 
are ſubtended the Homologous Sides. | 


Conſftrult1on. AF the ſide E F, make the Angle FE G equal to the Angle ABC, and Figure 


the Angle E F G equal to the Angle AC B, then will the Angle EG F XXy.. 


be equal to the Angle BA C. : | 
Demorſtration + Therefore GE is to EF, as AB is to BC; and AB is ta BC, as 


DEisto DF; and therefore, DE is equal to GE. Bur the Angle DEF is equal 
ro the Angle A B C, and allo toGEF; therefore the Angles at D, G, and A, are all 


equal, and conſequently, the Angle E F D, equal to the Angle AC B. IWWhich was to be 


Demonſtrated. Eucl. EI. Lib. 6. P. 6. ; 


XLII. If two Triangles, ABC and DEF, have one Angle A, equal to one Angle 
\ D, and the fides about the other Angles AB Cand DEF, Proportional, 
(as ABroBC, ſoDE to DEF,) and if they have both of the remaining 
Angles C and F, either leſs or not leſs than a right Angle, then ſhall the 
Triangles ABC aud DEF, be Equiangalar, and have thoſe Amgles equal, 

about which the Proportional ſides are. b= 


Demonſtration. [OR if ir can be, let the Angle ABC, be greater than the Angle E, Figure 


and make the Angle ABG equal to E: Now whereas the An- XXVIIL 


ole A is equal to D, thence is the Angle AG B equal to the Angle F: Therefore 
ABisto BG, as DE is to DF; and therefore BG ſhibuld be equal roBC, and the 
Angle BG C equal to BC G; therefore BG C (or C) is leſs than a right Angle and 


| conſequently, AGB (or F) is greater than a right Angle. Therefore the Angles 


Cand F are not of the ſame kind or ſpecies ; Thich is againſt the Hypotheſis. Encl. El. 
Lib. 6, P, To 


« XLUIL, If in a right angled Triangle A B C from the right Angle B A C there be 
drawn a Perpendicular A D to the Baſe BC; then the T7; riangles a- 
bout the Perpendicular, ADB and ACD, are alike, both to the whole 
Triangle ABC, and alſo one to the other. 


Demonſtration. TTOR becauſe BAC and ADB are right Angles, and ſo equal, and Figure 
the Angle B common, the Triangles BAC and ADBare like; and XXIX. 


by the ſame Argument BAC and ADC are like: Whence alſo ADB and ADC 
will be like. Which was ro be Demonſtrated. Eucl. EI. Lib. 6. P. 8. 
Corollary. 
Firſt, As BD to DA, ſo DAto DC. 
Secondly, AS BCtoAC, ſoACtoDC. And, 
Thirdly, A$CB to BA, ſo BA to BD. 


XLIV. Equal Parallelograms, having one Angle A B C, equal to on? E B G, have 
the fides BD and BF, which are about the equal Angles, reciprocal, 
(as ABro BG, ſo is EB toBC;) and thoſe Parallelograms BD 
and BF, which have one Angle ABC, equal to one EBG, and th 
fades which are about the equal Anzles reciprocal, are equal. 


Conſruft;on. þR: let the ſides AB and BG about the equal Angles, make one right 


Line; wherefore E B, and B C ſhall doe the ſame. Let DCandFG Figure | 


be produced till they meet in H. . | 
Demonſtration. As to the firſt part of the Theorem, AB is toBG, as BD to BH.— 
BDistoBH, as BF to BH.—BFis to BH, as BE is to BC. 
AS to the ſecond Part of the Theorem, BD is to BH,as ABis toBG; ABis to 
BG, 8BEis toBC; BEistoBC, as BF is to BH: Therefore the Parallelo- 
lograms BD and BF are equal. Which was to be Demonſtrated, Eucl. EL. Lib. 6, P, 14. 


XLV. If four right Lines be Proportional, (as ADtoFG, ſo EF toCB,) the 
Reflanzle AC, comprehended under the Extremes AD and CB, 
is equal to the Rettamgle E.G, comprehended under the Means F G and 
EF. And if the Rettangle AC, comprehended under the Extremes AD 
and CB, be equal to the Reilangle EG, comprehended under the Means 

K k F G and 


XXX. 
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EG, ſo is EF to CB.) : 


" Figure Demonſtration. OR the firſt part of the Theorem, the Angles B and F are right, ang 
XXL 4 FIR | ny equal: and by the Hypotheſis ADis toFG, aSEF to 


CB : Therefore the Rectangle AC is equal to the Rectangle E G. 


Then for the ſecond part of the Theorem, AC is equal to E G, and the Angie k | 
equal to the Angle F: Therefore, AS AD toFG, fois EF to BC. Which was to he 


Demonſtrated. Eucl. El. Lib. 6. P. 16. 


XLVI. Like Trianzles, ABC and DEF, are in like duplicate Ratio of their Hg. 


mologous /ides, BC and EF. 


Figure Conftrution.| E T there be made BCtoEF, as EF to BG, and let A G he drawn. 
XXKXII. | 

Demonſtration. Becauſe that ABis to DE, as BCtoEF ; and as B CtoEF, io ig 

EFto BG; and the Angle B equal to the Angle E; therefqre the Triangle ABG is 


equal to the Triangle DEF : But the Triangle ABC is to the Triangle ABG, a, 


BCistoBG; and the Rario of BC to BG, is equal to the Ratio of BCro EF twice: 
Therefore the Ratio of ABC to ABG, that Is, the Katzo of ABC to DEF, ig 
equal to the Ratio of BC to E F twice. Which was to be Demonſtrated. Eucl. El. Lib, 
6. P. 19. 

1 n Corollary. 

Hence, if three right Lines (BC, EF, and BG) be Proportional ; then, as the 


Firſt is to the Third, ſo is a Triangle made upon the firſ AC, to a Triangle like, | 


and a like deſcribed upon the ſecond EF: Or, ſo'is a Iriangle deſcribed upon the ſe 
cond EF toa Triangle like, and a like deſcribed upon the third. 


XLVII. {z-every Parallelogram AB C D, the Parallelograms EG and HF, 
; are about. the Diametre A C, are like to the whole; and alſa* 


whic 
one to the other. 


Figure Demonſtration. FJ Oraſmuch as the Parallelograms E G and H F, have each of them one 


XXAllL | ' Angle common to the whole, therefore they are Equiangular to the 
whole, and alto one to the other ; alſo both the Triangles ABC, AE1, and IHC; 
and the Triangles ADC, AG1I, and IFC, are mutually Equiangular : Therefore 
AEis toEI, as ABtoBC; and AE toAl as AB to AC; and Al to AG, as AC 
to AD. Therefore by equality, AEis to AG, as ABis to AD; therefore the Pa- 
rallelograms E G and BD are like : And after the ſame manner, are H F and BD like 


alſo. Which was to be proved. Eucl. El. Lib. 6. P. 24. 


XLVIIL 1z right Angled Triangles BA C, any figure, BF, deſcribed upon the 


fide BC, ſubtending the right _ BAC, is equal to the figures 
B G and A Lydeſcribed upon the fides A B and A C, containing the right 
Angle; like, and alike fituate to the former BF. 


Figure Conſtruflion.F7Rom the right Angle BAC let fall a Perpendidular AD. 


XXX1V. 
Demonſtration: Becauſe that DA istoCA, as CAisto CB; therefore AL is to 
BF, as DCto DB; alſo, becauſe DBis toBA, 8s AB to BC; therefore BG is 
 tOBF, 8s DBtoBC: Therefore the Parallelograms A L and BG together, ſhall be 
equal to BF. Which was to be Demonſtrated. Eucl. El. Lib. 6. P. 31. 
Or thus, BG isto BF, as the Square of B A is to the m— of BC; and AListo 
BF, as the Square of AC is to the Square of BC; therefore the Parallelograms BG 
and AL is to the Parallelogram BF, as the Squares of BAand CA is to the Square 
of BC: -Therefore, whereas the Squares of AB and CA together, are equal to the 
Square of CB, thence are the Parallelograms. B G and AL together, equal to the Pa- 
rallelogram BF. Which was ro be Demonſtrated. - 
& | | Corollary. ] 
From this Theorem'is produced the Addition and SubtraCticn of like Figures, by 
the ſame method that is uſed in Adding and Subtracting of Squares. 


F G and EF, then are the four right Lines Proportional. (As AB ty 
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Geometrical THEOREMS; 


A 
PARALLEL 
Arithmetick and Geometry, 


Being the Second Book of 
EUCLIDE'S ELEMENTS 


Gecometrically and Arithmertically Demonſtrated. 


L If there be two right Lines A and BC, and if one of them BC, be divided 
' into Parts, how many ſoever, as BD, DE, and E C ; the rectangle figure 
BH, comprehended ander the two right Lines A and B C, is equal to all 
the retangle figures comprehended under the Line A undivided, and under 
every one of the Parts of the other Line B C. 


Cofradtion. Rom the Point B raiſe the Perpendicular Line BF, and make the Line Figure 


BG equal to the Line A, and from G draw a Line GM, parallel to B C, 
and from the Points D, E, and .C, draw the Lines D K, EL, and CH, parallel to 
BO, 

Demonſtration, I ſay the Parallelogram BH, is equal to the Parallelograms BK; 
DL, and E H; but the Parallelogram B H, is equal to that which is contained under 
the Lines A-and BC, (for it is comprehended under the Lines B G, and BC, and the 
Line GB is equal to A.) And the Parallelogram B KR, is equal to that which is contain- 
el under the Lines A and B D, (for it is compreherded under the Line G B, atd B D; 
and BG is equal, to A.) And the Parallelogram D L, is equal to that which. is con- 
tained under the Lines A and.D E, (for the Line DK, equal to BG, is equal to A.) 
And Likewiſe, the Parallelogram E H, is equal to that which is contained under the 
Lines A and EC: Wherefore that which is comprehended under the Lines A and 
BC, is equal to that which is comprehended under A and B D, and unto that under A 
ad DE, and unto that under A and EC. If therefore there be rwo right Lines, and if 
one of them be divided into parts, how many ſoever,the rectangle Fignregomprehended nnder the 
m0 right Linesjs equal to the retangle Figures com rebended under the Line undivided; and 
under every bne of the Parts of the other Line. hich was to be demonſtrated. 

| Hluftration in Numbers. | | 

Tike two Numbers, the one undivided (as 74,) the other divided into what Patts 
and how many ſoever, as 37, divided into 20, 10, 5, and 2, (which together make the 
Kbole.37. Then if you multiply the. Number undivided, viz. 74 into all the parts of 
the Number divided, as into 20, 1©, 5, and 2, you ſhall have theſe ProduQts, 1480, 
749, 370, and 148, which added together make 2738. And the like Number will 


* alobe produced, if you multiply the two firſt given Numbers one into the other, 


42 74 undivided, and 37 divided, ; 

From this Theorem was the Compendious way of Multiplication now in Uſe derived 

by breaking one of the whole Numbers given, into its reſpective Parts. 

Theſe firſt Ten Propoſitions of this Second Book of Excliae's Elements, are all of 
them demonſtrated in Numbers by one Barlaam, a Greek Authonr , whoſe Demonſtra- 
tons ſhall follow after every Theorem ; but firſt take theſe Principles of his. 

l. A Number 1s ſaid to multiply another Number, when the Number multiplied is ſo of ren 

«mes aded to it ſelf, as there be Unizes in the Number which multipligch , whereby 
Is produced a certain Number, which the Number multiplied meaſureth by che Unices 
which are in the Number which multiplieth. 


K EAI 2. And 


NH 
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NJ d the Number produced of that, Multiplication, 1s called a Plain, or Snperficial 


Number. ED 
3. A Square Number 7: that which is produced of the Multiplication of any Number into 


it ſelf. Rn Es. 
4. Every Leſs Number compared to a Greater, 1s ſaid to be a Part of the Greater, whether 


the Leſs meaſure the Greater or not. 
5. Numbers which one and the ſelf ſame Number meaſure equally, that is, by one and the 


ſelf ſame Number, are equal the ont to. the other. 
6. Numbers that are Equimultiplices to one and the ſelf ſame Number, that is, which 
contain one and the ſame Number equally, and alike , are equal the one to the g. 


ther. 


Propoſition I. 7wo Numbers being given, if one of them be divided into any Num- 
bers, how many ſoever, the Plain or Superficial Number, which is produced of the 
Multiplication of the two Numbers firſt given, the one into the other, ſhall be e- 
qual to all the 4s 54 rw Numbers, which are produced of the Multiplication of 
the Number not divided into every part of the Number drvided. 


A1- 


— 


Sm— 


C 
A ————E 


Suppoſe that there be two Numbers AB and C, and divide the Number AB into 

- Certain other Numbers, how many ſoever, as unto AD, DE, and EB; then I fay, 
the Superficial Number which is produced of the Multiplication of the Number C, into 
the Numbers A D, and of CintoDE, and of C into E B; for let F be the Superficial 
Number produced of the Multiplication of the Number C, into the Numbers A B; and 
let GH be the Superficial Number produced of the Multiplication of the Number C, 
into AD; and let H I be produced of the Multiplication of C into DE: And finally 
of the Multiplication of C into E B, let there be produced the Number I K. Now 
foraſmuch as A B multiplying the Number C, producerh the Number F; therefore the 
Number C, meaſureth the Number F by the Unites, which are in the Numher AB: 
And by the ſame reaſon may be proved, that the Number C doth alſo meaſure the 
Number GH by the Unites which are in the Number A D, and that it doth meaſure 
the Number HI by the Unites which are in the Number DE; and finally, that it 
meaſureth the Number I K by the Unites which are in the Number E B, Wherefore, 
the Number C meaſureth the whole Number G K by the Unites which are in the Num- 
AB; bur it before meaſured the Number F, by the Unites which are in the Number AB; 
wherefore cither of theſe Numbers F and GK is Equimultiplex to the Number C. But 
Numbers which are Equimultiplices to one and the ſelf ſame Number, are equal the 
one to the other, (by the ſixth Definition :) Wherefore the Number F is equal to the 
Number G K. Bur the Number F is the Superficial Number prodnced of the Multi- 
plication of the Number C, into the Number AB; and the Number GK is compoſed 
of the Superficial Numbers produced of the Multiplication of the Number C, not devi- 
ded into every one of the Numbers AD, DE, andE B: If therefore there be two 
Numbers given, and the one of them be divided, &c. Which was required to be proved. 


II. If a right Line A B be divided by chance in C, the Refanzle Figures AF 
ard CE, which are comprehended under the Whole A B, and every one of 
the Parts, AG and CB, are equal to the Square made of the Whole 
AB. 

Figure Conſtruldion.Y J Pon the Line AB, deſcribe a Square A B CD, and by the point 
II. A. C draw a Line Parallel to either of the ſides A Dor BE, asCE. 
Demonſtraium - Now I ſay, the Parallelogram AE, is equal to the gran 


- 
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AFandCE: But AE 1s the Square made of A B, and AF is the Rectangled Parallelo- 
gram comprebended under the Lines B A and AC, for it is comprehended under the 
Lines A D and A GC, but the Line AD 1s equal to the Line A B. Likewiſe, the Pa- 
callelogram CE is equal to that which is contained under the Lines A B and CB, for 
the Line E B is equal to the Line AB: Wherefore that which is contained under BA 
and AC, together with that which is cont2ined under the Lines A B and CB, is equal 
to the Square made of the Line A B. Therefore, If a right Line be divided by chance, &c. 
Which was required to be demonſtrated. 
: Illuſtration in Numbers. 

Take any Number as 11, and divide it into two parts, as 7 and 4, firlt multiply 
[1 into 7, and then into 4, and thereof will come theſe Products 77 and 44, which 
added together make 121 ; which is equal to the Square Number ot 11 multiplied in 


it ſelt. 


Propoſition Il. /f a Number given be divided into two other Numbers, the Su- 
perficzal Numbers which are produced by the Multiplication of the Whole into ei- 
ther Part added together, are equal to the Square Number made of the Whole 


Number given. | 
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Suppoſe that the Namber given be AB, and let it be divided into two other Num- 
bers ACand CB : Then I ſay, that the two Superficial Numbers, which are produced 
of the Multiplication of AB into AT, and of AB into BC; theſe two Superficial Num- 
bers added together ſhall he equal ro the Square Number produced of the Multiplicati- 
on of the Number AB into its ſelf. For let the Number A B, multiplying it ſelf, pro. 
duce the Number D; let the Number AC alſo, multiplying the Number A B, pro- 
duce the Numher E F: Again, let the Number B C multiplying the ſame Nuntber AB, 
produce the Number F G : now foraſmuch as the Numher AC, multiplying the Num- 
ber AB, produces the Number EF; therefore the Number A B meaſureth the 
Number E F by the Unites whicharein AC. Again, foraſmuch as the Number CB 
multiplied the Number AB, and produced the Number FG; therefore the Num: 
ber AB meaſureth the Number F G by the Unites which are in the Number CB; but 
the ame Number A B before meaſured the Number E F by the Unites which are in the 
Number AC; wherefore the Number A B meaſureth the whole Number E & by the 
Unites which arc in AB; and foraſmuch as the Number A B, multiplying its ſelf, produ- 
ced the Number D ; therefore the Number A B meaſureth the Number D, by the Unites 
which are in its ſelf; wherefore it meaſureth either of theſe Numbers ; namely, the 
Number D, and the Number E G, by the Unites which are in it ſelf. Wherefore how 
Multiplex the Number D is to the Number A B, ſo Multiplex is the Number EG 'to 
the ame Number A B: But Numbers which are Equimultiplices to one and the ſelf 
ſame Number, are equal one to the other; wherefore the Number D is equal to 
the Number EG. And the Number D is the Square Number made of the Number A B, 
and the Number E G is compoſed of the two Superficial Numbers, produced of 
aBinto BC, and of BA intoAC: Wherefore the Square Number produced of the 
Numer A B, is equal to the Superficial Numbers, produced of the Numher. AB, into 
ve ge BC, andof AB into A C added together. /f therefore, &c, Which was to 

roved, ' | | 


Wl. If a right Line AB be divided by chance in C, the re4anzled Figure A E, 
comprehended under the whole Line A B, and one of the Parts B C, is equal 
to the reclangled Figure C F, comprehended under the Paits A Card AB, 
and unto the Square B D, which is made of the aforeſaid Part B C.. 
"oFrallien.FYEccrive upon the Line B C a Square CDE B, and extend E DuntoF; Figure 


LS and by the Point A drew a Line Parallel unto either of the Lines CD 111 
aEE, as AF, x : 


Demon= 
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'14 multiplied into 8, one of his Parts, 


Now the Parallelogram A E,is equal unto the Parallelograms A D and 
CE; and AE is the reQangled figure comprehended under AB and BC; for it is com- 
prehended under the Lines AB and BE, which Line BE ts equal to the Line B C, and 
the Parallelogram A D, is equal to that which is contained under the Lines A C and CB, 
for the Line D C, is equal unto C B, and DB 1s the Square which is made of the Line 
CB. Wherefore the reCtangled figure, comprehended under the Lines ABand BC, is 
equal to the reftangled figure comprehended under the Lines A C and CB; and alſo 
unto the Square which is made of the Line BC. If therefore a right Line &c. Which 


was to be Demonſtrated. Hleſtration in Numbers. 
14. to be divided into two Parts 8 and 6; the whole Number 
— "7 twp un produceth 112: The Parts 8 and 6 multiplied 


together, produce 48, which added to the Square of 8, (which is 64,) the Amount is 
112, equal to the former. 


Propoſition II 7f\a Number given be divided into two Numbers, the Superficial 
* $97 Y « rt: Sadwed 6 the Multiplication of the Whole into one of the 
Parts, is equal to the Super cial Number which is produced of the Parts one in- 
to the other, and to the Square Number produced of the aforeſaid Part. 


Demonſtration. 
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Suppoſe that the Number given be A B, -which let be divided into two Numbers, 
AC and CB: I fay that the Superficial Number which is produced of the Multiplica- 
tion of the Number AB into the Number BC, is equal to the Superficial Number 
which is produced of the Multiplication of the Number AC into the Number CB, 
and to the Square Number produced of the Number C B. For let the' Number 
AB, multiplying the Number CB, produce the Number D ; and tet the Number 
A C, multiplying the Number CB, produce the Number EF; and finally let CB 
multiplying its ſelf produce F G: Now foraſmuch as the Number A B, multiplying 
the Number CB, produces the Number D; therefore the. Number C B, meaſureth 
the Number D by the Unites which are in the Number AB. Again , foraſmuch 
as the Number A C, multiplied the Number CB, and produced the Number EF; 
therefore the Number CB, meaſureth the Number E F, by the Unites which are in 
AC. Again, foraſmuch as the Number CB multiplied it ſelf, and produced the 
Number F G; therefore the Number CB, meaſureth the Number F G, by the Unites 
which are in it ſelf. But , as we have before proved, the ſelf ſame Number CB 
meaſureth alſo the Number E F, by the Unites which are in the Number A C; where- 
fore the Number CB meaſureth the whole Number E G, by the Unites which are in the 
Number AB, and it alſo meaſureth the Number D by the Unites which are in the 
Number AB: Wherefore the Number CB equally meaſureth either Number, namely, 
the Number D, and the Number EG; but thoſe Numbers whom one and the ſelf ſame 
Number meaſureth equally, are equal the one to the other, wherefore the Number D 
Is _ to the Number E G. But the Number-D is a Superficial Number, produced 
of the Multiplication of the Number A B, into the Number B C; and the Number E G 
is the Superficial Number produced of 'the Multiplication of the Number A Cinto 
the Number CB, and of the Square of the Number CB: Wherefore the Superficial _ 
Number produced of the Multiplication of the Number AB into the Number CB, is 
equal to the Superficial Number produced of the Number A C into the Number BC, 
and to the Square of the Number CB. Therefore &c. Which was required to be proved. 


| IV. If a right Line AB be divided by chance in C, the Square A E which is made 


of the whole Line A B, is equal to the Squares CK and HF, made of the 
Parts AC and CB, and unts the two Rettanzle Figures A G and G E, com- 
prehended under the Parts AC and CB. | 
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Jon. Pon the Line A B deſcribe a Squafe, ABD E, and draw a Line from Figure 
LI Bro D; and by the Point C draw a Line Parallel unto either of the 1V. 
Dor B£, asCF, cutting the Diametre DBin G} and by the Polat G draw ; 
arallclto AB or DE, as HK. | | 
w/tration. Foraſinuch as the Line CF is a Parallel unto A D, and vpon them 
right Line BD, therefore the outward Angle CG B, is equal unto the inward 
IJlite Angle ADB; but the Angle ADB, is equal unto the Angle A B D, for 
BA is equal to the ſide AD: Wherefore the Angle CGB is <cqual to the 
BC; wherefore the ſide BC is <qual to the ſide CG : Bur CB is equal to 
|CGtoKB; wherefore GK is equal to K B. Wherefore the digure CGKB 
; of four equal ſides: I ſay alſo, that it is a rectangle figure; for for- 
s CG is Parallel to BK, and upon them falleth a right Line CB; therefore 
es KBC, and GCB, are equal unto two right Angles. But the Angle K BG 
$ Angle ; wherefore the -Angle BCG is alſo a right Angle : Wherefore the 
ppolice unto them, namely, CGK, andGK B, are alſo right Angles. Where- 
zKBis a rcCtangle figure, 2nd it was before proved tat the ſides are equal; 
re it is a Square, and is deſcribed upon the Line B C.—Acd by the ſame rea- 
.HF is a Square, and is deſcribed upon the Line HG, that is, upon the Line 
herefore the Squares HF and CK are made of the Lines AC and CB, — 
aſmuch as the Parallelogram A G is equal £o the Parellelogram GE, and. AG 
thich is contained under ACand CB, for CG is equal to CB, and the Paralle- 
3E is equal to that which is contained under AC and CB; wherefore A G 
' are equal to that which is comprehended under AC and B twice. And 
xs HF and CK, are made of the Lines AC and CB; wherefore theſe 
ngle figures, HF, CK, AG, and G E, are equal unto the Squares which are 
| the Lines ACand CB, and to the retangle figure which is comprehended un- 
Lines AC and CB twice. But the rectangle figures HF, CK, AG, and GE, 
wwhote reCtangle figure AD EB, which is the Square made of the Line A Bz 
te the Square which is made of the Line AB is equal to, the Squares which ate 
he Lines AC and CB, and unto the two reftangle figures A Gand GE, which 
echended under the Lines A C and BC. {f therefore aright Line, &c. Which 
Demonſtrated. Corollary. oy 
gt.is manifeſt, that the Parallelograms which conſiſt about the Diametres of a Square 


*. | - 
This Theorem is grounded the Extration of the Square Root, and many othet 
Algebra are by it Demonſtraced. | | 

; Iluſtration in Numbers. 7” | 

dſe a Number, as 17, to be divided into two Parts 9 and 8 ;; the whole Nam- 
plied init ſelf produceth 289. The S_ Numbers of 9 and'$ are $t 
the Numbers produced by the parts g and 8, multiplied in themſelves ewice, 
nd 72, which two Nambers added to the two Square Numbers of '9 and 8. 
and 64 doe make the Number 289, equal to the Number made by the Mult 
{of the whole Number 17, into its {; "_p "x f 


tion IV. 1f a Number given be divitted into two Numbers, "the Square 
ber of the Whole is equal to the Square Number of the Parts, and to the 
tfcial Number which is produced of the Multiplication of the Parts, the 
fo the other twice,  :. 
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Þ that the Number given be AB, which'let be divided into two Numbers, A C 
3 then I ſay that the Square Numbers 6f the whole Number AB, is equal to 
es of the Parts, that is, to the Squares of the Numbers AC and CB, and to 


ficial Number produced of the Multiplication of the Numbers A C and G - 
L 


—— 
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-21, Now the Parallelogram A E,is equal unto the Parallelograms A 
CE; and AE is bn reangled fours comprehended under AB and BC); for ir 
prehended under the Lines AB and BE, which Line BE 1s equal to the Line BC 
the Parallelogram A D, is equal to that which is contained under the Lines AC a! 
for the Line D C, is equal unto C B, and DB is the Square which is made of tl 
CB. Wherefore the retangled figure, comprehended under the Lines A B and 
equal to the reftangled figure comprehended under the Lines A C and CB, 2 
unto the Square which is made of the Line BC. If therefore a right Line &c. 
was to be Demonſtrated. lileſtration in Numbers. 

Suppoſe the Number 14, to be divided into two Parts 8 and 6; the whole 
'14 multiplied into 8, one of his Parts, produceth 112: The Parts 8 and 6 m1 
together, produce 48, which added to the Square of 8, (which is 64,) the An 


112, equal to the former. 
Propoſition INTL fa Number given be divided into two Numbers, the Suj 
hey, nf ltd » the Multiplication of the Whole into one 


Parts, is equal to the Superficial Number which 1s produced of the Parts 
to the ad. and to the Square Number produced of the aforeſaid Part. 


C 


Demonſt 
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\uppot that the Number given be A B, -which let be divided into two Ny 
AC and CB: I fay that the Superficial Number which is produced of the Malt 
tion of the Number AB into the Number BC, is equal to the Superficial N 
which is produced of the Multiplication of the Number AC into the Numbe 
and to the Square Number produced of the Number C B. For let the N 
A B, multiplying the Number CB, produce the Number D; and let the N 
AC, multiplying the Number CB, produce the Number EF; and finally be 
multiplying its ſelf produce F G: Now foraſmuch as the Number A B, multi; 
the Number CB, produces the Number D; therefore the Number C B, mea 
the Number D by the Unites which are in the Number AB. Again , fora 
as the Number A C, multiplied the Number CB, and produced the Number 
therefore the Number CB, meaſureth the Number E F,, by the Unites which 
AC. Again, foraſmuch as the Number CB multiplied it ſelf, and product 
Number F G; therefore the Number C B, meaſureth the Number F G, by the 
which are in it ſelf. But , as we have before proved, the ſelf ſame Numbe 
meaſureth alſo the Number E F, by the Unites which are in the Number A C; ' 
fore the Number CB meaſureth the whole Number E G, by the Unites which are 
Number AB, and it alſo meaſureth the Number D by the Unites which are 
Number AB: Wherefore the Number CB equally meaſureth either Number, n: 
the Number D, and the Number EG; but thoſe Numbers whom one and the ſel 
Number meaſureth equally, are equal the one to the other, wherefore the Nun 
is ey? to the Number E G. But the Number-D is a Superficial Number, pri 
of the Multiplication of the Number AB, into the Number B C; and the Numb 
Is the Superficial Number produced of 'the Multiplication of the Number A 
the Number CB, and of the Square of the Number CB: Wherefore the Su 
Number produced of the Multiplication of the Number AB into the Number 
equal to the Superficial Number produced of the Number A C into the Numt 
and to the Square of the Number CB. Therefore &c. Which was required to be 


IV. If a right Line A B be divided by chance in C, the Square A E which j 
of the whole Line A B, is equal to the Squares CK and HF, made 
Parts AC and CB, and unto the two Rettanzle Figures A G and G 
prehended under the Parts AC and C B. 
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Conſtrubtion. Pon the Line A B deſcribe a Squafe, ABD E, and craw a Line from Figure 
Bro D; and by the Point C draw a Line Parallel unto either of the 1V. 
Lines A Dor BE, as CF, cutting the Diametre DBin G and by the Poiat G draw 
a Line Parallel to AB or DE, as H x. 
Demonſtration. Foraſmuch as the Line CF is a Parallel unto A D, and vpon them 
falleth a right Line BD, therefore the outward Angle CG B, is equal unto the inward 
and oppolite Angle ADB ; but the Angle A DB, is equal-unto the Angle A BD, for 
the tide B A is equal to the fide AD: Wherefore the Angle CGB is equal to. the 
Angle GB Cz wherefore the lide B C is <qual to the fide CG : Bur CB is equal to 
Gk, ard CG to KB; wherefore GK is equal to K B. Wherefore the igure CGKB 
conlſtech of four equal ſides: I ſay alſo, that it is a rectangle figure; for for- 
aſmnuch as C G is Parallel to BK, and upon them falleth a right Line CB; therefore 
the Angles K B C, and G C B, are equal unto two right Angles. But the Angle KBG 
is a right Angle ; wherefore the -Angle BCG is alſo a right Angle: Wherefore the 
Angles oppotice unto them, namely, CGK, andGRB, are allo right Angles. Where- 
fore CGKB is a reCtangle figure, 2nd it was before proved that the ſides are equal; 
wherefore it is a Square, and is deſcribed upon the Line B C.—Acd by the ſame rea- 
ſn alſo H F is a Square, and is deſcribed upon the Line H G, that is, upon the Line 
AC; wherefore the Squares HF and. CK are made of the Lines AC and CB,—— 
And foraſmuch as the Parallelogram A G is equal £o the Parellelogram GE, and AG 
is that which is contained under ACand CB, for C G is equal to CB, and the Paralle- 
logram GE is equal to that which 1s contained under AC and CB, wherefore A G 
andGE are equal to that which is comprehended under AC and B twice. And 
the Squares HF and CK, are made of the Lines AC and CB; wherefore theſe 
four rectangle figures, HF, CK, AG, and GE, are equal unto the Squares which are 
made of the Lines ACand CB, and to the reCtangle figure which is comprehended un- 
d:r the Lines ACand CB twice. But the rectangle figures HF, CR, AG, and GE, 
are the whoke rectangle figure AD EB, which is the Square made of the Line AB; 
wherefore the Square which is made of the Line AB is equal to, the Squares which ate 
wade of the Lines AC and CB, and unto the two refangle figures A Gand GE, which A 
zre comprehended under the Lines A Cand BC. If therefore aright Line, &c. Which 


na to be Demonſtrated. Corollary. | 
Hence it. 45 manifeſt, that the Parallelograms which conſiſt about the Diametres of a Square 
are Squares. | 


Upon this Theorem is grounded the Extraftion of the Square Root, and many other 
things 1n Algebra are by it Demonltraced. 
| Illuſtration in Nambers. 2 
wppoſe a Number, as 17, to be divided into two Parts 9 and 8 ; the whole Nam- 
ber multiplied 1n it ſelf produceth 289. The N_ Numbers of 9 and'$ are $t 
and 6 4; the Numbers produced by the parts 9 and 8, mulriplied in themſelves ewice, 
xe 72 and 72, which two Nambers added tro the two Square Numbers of'9 and 8. 
v2, 81 and 64 doe wake the Number 289, equal to the Number made by the Multrti- 
plication of the whole Number 17, into its felt. '- 


Propoſition IV. If a Number given be divitted into two Numbers, "the Square 
Number of the Whole is equal to the Square Number of the Parts, and to the 
Superficial Number which is produced of the Multiplication of the Parts, the 


one tnto the other twice. 
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2"Ppoſe that the Number given be A B, which'let be divided into two Numbers, A C 
ry CB; then 1 ſay that the Square Numbers of the whole Number AB, is equal to 
ne Squares of the Parts, that is, to the Squares of the Numbers AC and CB, and to 

& Superficial Number produced of the Multiplication of the Numbers AC and G = 

the 
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Figure 
V. 


the one into the other twice. Let the Square Number produced of the Multiplication 
of the whole Number A B into it ſelf be D, andlec A C multiplied into irſelt| produce 
E F, and CB multiplied into itſelf produce G H : And, finally, of the Multiplication of 
the Numbers AC and CB, the one into the other twice, Jet there be produced ei. 
ther of theſe Superficial Numbers F G and H K : Now foraſmuch as the Number AC, 
multiplying itſelf, produced the Number E F ; therefore the Number A C meaſureth 
the Number EF by the Unites that are in itſelf. And foraſmuch as the Number C B, 
mulciplied the Number C A,and produced the Number F G ; therefore the Number A C, 
meaſureth the Number F G by the Unites which are in the Number CB; but it before 
alſo meaſured” the Number E F by the Unites which are in itſelf : Wherefore the _ 
Number A B, multiplying the Number A C, produceth the Number E G ; and therefore 
the Number E G is the Superficial Number produced of the Multiplication of the Num- 
ber AB, into the Number AC. And by the ſame Reaſon may we prove, that the 
Number G K is the Superficial Number produced of the Multiplication of the Number 
AB into the Number B C. Farther, the Number D is the _ of the Number AB; 
but if a Number be divided into two Numbers, the Square of the whole Number is e- 
qual to the two Superficial Numbers, which are produced of the Multiplication of the 
whole into either of the Parts, (by the ſecond Theorem;) wherefore the Square Number 
D is equal to the Superficial Number EK. But the Number E K is compoſed of the 
uares of the Numbers AC and BC, and of the Superficial Number which is produ- 
ced of the Multiplication of the Number AC and CB, the one into the other twice ; 
and the Number D is the Square of the whole Number AB: Wherefore the Square 
Number produced of the Multiplication of the Number AB into ir ſelf, is equal to 
the Square Numbers of the Parts, that is, to the Square Numbers of the Numbers A C 
and BC, and to the Superficial Number produced of the Multiplication of the Numbers 
AC. and BC, the one into the other twice. If therefore &c. which was to be proved. 


V. If a right Line AB, be divided into two equal Parts in C, and into two unc- 
qual Parts in D; the reftangle figure A H, comprehended under the unequal 
Parts of the Whole A D and DB, together with the Squares of C D, which 
is between the Sefion , is equal to the Square of the half Line A C or 


CB. 
4 ketone Þ bop CB deſcribe a Square, as CE F B, and draw a Line from B to 
E; and by the Point D, draw a Line Parallel to each of the Lines 
CE or BF, cutting the Diametre BE in H, as the Line DG: And again by the Point 
H draw a Line Parallel to the Lines AB and EF, as KO, equal, to AB : And again 
by the Point A draw a Line Parallel toCLand BO, as AK. 

Demonfiration. Foraſmuch as the Supplement CH is equal to the Supplement HF, 
Put the figure DO common to them both : Wherefore the whole figure CO is equal 
to the whole figure D F : Buy the figure CO is equal] to the figure AL; for the Line 
AC is equal to the Line CB ; wherefore the figure AL alſo is equal to the figure 
D F.—Put the figure C H common to them both ; wherefore the whole figure AH is 
equal to the figures DLand DF; but AH is equal to that which is contained under 
the Lines AD and} DB, for DH is equal to DB, and the figures DF and DL 
are the Gnomon MN X : Wherefore the' Gnomon MN X, is equat to that which is 
contained under A D and D B.—Put the figure LG common to them both, which is 
equal to the Square which is made of CD; wherefore the Gzomen MN X, and the 
figure L G, are equal to the rectangle figure comprehended under A D and DB, and | 
unto the Square which is made of C D.—But the Gnomon MN X, and the figure LG, 
are the whole Square CE FB, which is made of BC: Wherefore the rectangle fi- 
gure comprehended under A D and DB, together with the Square which is made of 
CD, is equal to the Square which is made of CB. Jf therefore a right Line, &C. 
Which was to be Demonſtrated. | : 

This Theorem is of great uſe in Algebra, for by it is Demonſtrated. that Equation 


_ Whereln the greateſt and leaſt Charafters (or Numbers) are equal to the middle. 


| Illuſtration in Numbers. 
Take any Number, as 20, and divide it into two equal Parts io and 40, and alſo 
into two unequal Parts 13 and 7, and take the difference of the half, and ore of the un- 
equal Parts, which is 3 : Then multiply the unequal Parts 13 and 7 into each other, 


and they produce 91 ; take alſo the Square of 3, which is 9, and add ir to 91, _ 
makes 
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makes 100. Then multiply 10, half of the whole Number, into itſelf, and 'it makes 

;c0, which is equal to the Number before produced: by the Multiplication of the une- 

qual Parts, the one into the other, and of the difference into itſelf, which is alſo 
= | | 


100, | 
Propoſition. V, If an even Number be divided into two equal Parts, and again 
. alſo into two unequal Parts, the Superficial Number which is produced of the 
Multiplication of the unequal Parts one into the other, together with the Square 
= Number ſet between the Parts, is equal to the Square of half the Num- 
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Suppoſe that A B be an even Number, which let be divided into two equal Number* 
ACand CB; and.into two unequal Numbers, AD and D:B: Then I fay that the 
are Number which is produced of the Multiplication of the half Number C B inte 
on is equal to the Superficial Number produced of the Multiplication of the une- 
val Numbers, A D and D B, the one into che other,. and to the Square Number pro- 
aced of the Number C D, which is ſet between the ſaid unequal Parts. Let the Square 
Namber produced of the Multiplication of the half Number CB, into-itfelf be E, and 
let the Superficial Number produced of the Multipliction:of the unequat Numbers A D 
ad DB, the one.iato the other, be F G ; ard ler the Square of the Number DC, which 
is ſet between the Parts, be GH. Now foraſmuch as the Number BC, is divided inta 
the Numbers BDand DC; therefore the Square of the Number BC, thart:is the Num- 
ber Ejs equal to the Squares of the Number B D and DC,and:to-the Superficial Number 
which is compoſed of the Multiplication of theNnmbers B Dand-DC, the one into the 
other twice, (by the fourth Propoſition of this Book.) Let the Square'of the Number 
BDbe the Number K L, and let N X he the Square of the Number D C. And finally of 
the Multiplication of the Numbers BD and DC, the one into the other twice, let be 
produced either of theſe Numbers, LM, or M N. Wherefore the whole Number K X, 
wequal to the, Number E. And foraſmuch as the Number BD, multiplying itſelf, 
oath the Number K L; therefore it meaſureth it þy the Unites which are in'ir 
lf. Moreover, foraſmuch as the Number C D multÞlying the Number B D, produ- 
ah the Number L M.; therefore alſo B D meafureth LM, by the Unites which are in 
the Number CD, but it before meaſured the Number K E., by the Unites which are 
in itſelf; wherefore the Number B D, meaſureth the whole Number K M, by the U- 
nites which are in CB; but the Number C B, is equal to the Number C A; wherefore 
the Number D B, meaſureth the Number K M, by the Unites which are in CA. Again, 
foraſmuch as the Number C D, multiplying the Number DB, produceth the Number 
MIN; therefore the Number B D, meaſureth the Number .M N, by the Unites which 
me in the Number, AC; wherefore the Number B D meaſureth the whole Number 
AN, by the Unites which are in the Number A D; wherefore the Number F G, is e- 
Jual to the Number K N : For Numbers which are Equimultiplices to one and the ſelf 
lame Number, are equal the one to the other; bur the Number G H is equal to the 
Number N X, for either of them is ſuppoſed to be the Square of the Number CD; 
,Merefore the whole Number K X is equal to the whole Number FH ; but the Num- 
terKX is equal to the Number E ; wherefere alſo the Number F H is equal to the 
Number E, and the Number FH is the Superficial Number produced of the Mnltipti- 
Aion of the Numbers A D and D B, the one into the other, together with the Square 
of the Number D C and the Number E is the Square of the Number CB; wherefore 


te Superficial Number produced of the Multiplication of the unequal Parts AD and 
"1-1 DB 
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Figure 
VI. 


Conſtruttion. 


DB, the one into the other, together with the Square of the Numer D C, which is ſer 
between thoſe unequal Parts, 1s equal to the Square of the Number CB, which is the 
half of the whole Number A B. Therefore, &c. which was to be proved. 


VI. If a right Line AB be divided into two equal Parts in C, and if unto it be 
added another right Line D B, direfly, the rettangle Figure contained und; 
the whole Line, with that which is added, A D, together with the Square 
which is made of the half BC, is equal to the Square which is made of the 


half Line A C, and of that which is added, BD, as of one Line. 


Pon the Line C D deſcribe a Square CE F D, and draw a Line from FE 

to D, and by the Point B draw a Line Parallel to either of the Lines 
ECor DF, cutting the Diametre D E in H, as BG; and by the point H draw a Line 
Parallelto AD and EF, as KM; and by the Point A draw a Line Parallel to the Lines 
CL,or DM, asAK. : 

Dem:onfiration. Foraſinuch as A C is equal to B C, therefore the Figure AL, ic equal to 
the Figure C H; but CH is equal to H F,wherefore AL is equilio H F : Put the Figure 
G M common to them both ; wherefore the whole Figure A M is equal to the Grnomon 
NXO; but AN is that which is contained under AD 2nd DB; for DM is equal unto 
D B, wherefore the Gnomon N X Q is equal to the rectangle Figme contained onder A [) 
and D B. Put the Figure L G common to them both, which is equal to the Square which 
is made of C B; wherefore the rectangle Figure Which 1s contained under A D and A B 


\ together with the Square which is made of C B,is equal to the Ga9mon N X O, and unto 


LG. But the Gnomon N X O and LG, are the whole Square CE F D, which is made of 
CD; wherefore the rectangle Figure contained under A D and DB, together with the 
Square which is made of B C, is equal to the Square which is made of C D. If therefore 
« riobt Line be divided, &c. Which was to be Demonſtrated. 

By this Theorem in Algebra is demonſtrated that Equation wherein the two leſſir 
Numbers be equal to the Number of the greateſt Denomination. | 

Illuſtration in Numbers. n 

Take any even Number as 18, and add unto it any other Number, as 3, which make 
21; multiply 21 into the Numbe® added, namely 3, and they make 63. Take alſo 
half of the even Number, namely 9, and multiply ir into itſelf, it prpduceth 81, which 
added to 6 3, (the Number produced of the whole even Number,and the Number added 
into the Number added,) and they make 144. Then add 9; the half of the whole even 
Number, unto 3, the Number added, and they make 12; which multiplied in itſelf, 
produceth 144, equal to the Number compoſed of the Multiplication of the whole 
Number, and the Number added into the Number- added, and of the Square of the 
Number added, which is alſo 144. | 


Propoſition VI. If an even Number be divided into two equal Numbers, and unto 
it be added ſome other Number ; the Superficial Number which is made of the 
Multiplication of the Numkgr compoſed of the whole Number, and the Numler 
added into the Number added, together with the Square of the half Number, is 
equal to the Square of the Number compoſed of the half, and the Number added. 
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Suppoſe that AB be an even Number, and et it be divided into two equal Num- 
bers AC and CB, and unto ir let there be added another Number BD: Then I fay 
that-the Superficial Number produced of rhe Multiplication of the Number A D into 
the Number BD, is equal to the Square of the Number C D ; for lec the Square of zhe 
Number C D, be the Number E: And let the Superficial Namber produced of = Mul- 
tiplication 


—Y  — WW a” ww ww uw 0 6B 


Part 1 Geometrical THEOREMS. 251 


I——_— geen 
tiplication of the Number AD into the Number D B be the Number FG :. And, finally, 
let the Square Number of C Bbe the Number GH; and foraſmuch as the Square of the 
Number C D is (by the fourth Propoſicion) equal to the Squares of the Number DB 
nd BC, together with the Superhcial Number which is produced of the Multiplicati- 
on of- the Number D B and BC, the one into the other twice. Let the Square of the 
Namber B D be the Number K L, and ler the Superficial Numbers produced of the 
Multiplication of the Numbers B D and B C, the one into the other twice, be either of 
rheſe Numbers LM or MN and, finally, let the Square of the Namber B G be the Num- 
der N X : Wherefore the whole Number K X, ſhall be equal to the Square of the Num- 
her CD, but the Square of the Number CD is the Number Ez wheretore the Numher 
KX, is equal to the Number E. And foraſmuch as the Number BD, multiplying ic 
ff, produced the Number K L ; therefore the Number BD meaſureth the Number K L 
by the Unites which are in itſelf : But it alſo meaſureth the Number L M by the Unites 
which are in the Number C B ;, wh-refore the Number D B meaſureth the whole Number 
KM by the Unites which are in the Number C D. The Number D B alſo meaſureth 
the Number M N, by the Unites which are in the Number CB, and the Number CB is 
equal to the Number CA by Suppolition. Wherefore the Number B D meaſureth the 
whole Number K N by the Unites which are in the Number A D; but the Number D B 
doth alſo meaſure the Number F G by the Unites which are in the Number A D: For 
by Suppoſition, the Number F G is the Superficial Number produced of the Multipli- 


ation of the Numbers A D and B D, the one into the other: Wherefore the Number 


FG is equal to the Number K N; but the Number HG is equal tothe NumberN X, 
for either of them is the Square Number of the Number CB; wherefore the whole 
Number F H, is equal to the Number K X, and the Number K X is proved to be equal 
to the Number E : Wherefore the Number F H ſhall alſo be equal to the Number E ; 
and the Number FH is the Supcrficial Number, produced of the Multiplication of the 
NumbersA D and BD, the one into the other, together with the Square of the Number 
CB, and the Number E is the Square of the Number CD. Wherefore the Superficial 
Number produced of the Multiplication of the Number AD and D B, the one into the 
other, together with the Square of the Number CB, 1s equal to the Square of the 
Namber CD. If therefore &c. which was to be proved. | 


VIL If a right Line AB be divided by chance in C, the Square which is made of 
the Whole AB, together with the Square which is made of one of the Parts 
BC, is equal to the rectangle Figure AF, which is contained under the Whole 
AB, &c. the ſaid Part B C twice, and to the Square which is made of the 
other Part AC. | 


Confiruition. F } Pon the Line AB deſcribe, a Square ADE B, and draw the Diametre Figure 

| DB; then through the point C draw the Line CN Parallel to AD VII. 
and B E,cutting the Diametre in G: Alſo through G, draw the Line H F Parallel to A B. 

Demonſtration. Foraſmuch as the Figure A G is equal to the Figure G E, put the Figure 
CF common to them both ; wherefore the whole Figure A F,is equal to the whole Figure 
CE: Wherefore the Figures AF & CE are double to the Figure AF; but the Figures A F 
and CE are the Gnomon K L M, and the Square CF; wherefore the Gnomon K LM, 
and the Square C F is dot ble to the Figure AF ; but the double of AF is that which 3s 
contained under AB and BC twice, for BF is equal to BC: Wherefore the Gnomon 
K LM, and the Square C F are equal unto the r&Ctangle Figure contained under A B and 
BC twice. —Put the Figures D G common to them both, which is the Square made of 
a GC; wherefore the Gnomon K LM, and the Squares BG and DG, are equal unto the 
rectangle Figure, which is contained under A B and BC twice, and unto the Square 
which is made of AC: But the Knomon K LM, and the Squares B G and DG, arethe 
whole Square BADE, and the yart or Square CF, which Squares are made of the 
Lirs AB and BC , therefore the Squares which are made of ABard BC, are equal 
Unto the rectangle Figure which is contained under AB and BC twice, and alſo un- 
tO the Square of AC. If therefore a right Line, &c. Which was to be Demonſtrated. 

Corollary. : 

The SJuares of two unequal Lines do exceed the reCtaggle Figure contained under the 
aid two Lines by the Square of the Exceſs, by which the greater. Line excecGeth the leſs. 
For if the Line A B he the greater, and the Line BC the leſs, it is manifeſt that the 
ro of AB and BC, are equal to the rcAtangle Figure contaired under the Lines 

Band BC twice; and alſo the Sqvare of the Line AC, whereby the Line AB ex- 
&deth the Line BC, LE-F 3 0 By 
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By this Theorem was found out the Extraction of Square Roots 1n irrational Num- 
bers,*and divers other uſefull things. 

: Illuſtration in Numbers. 

Take any Number, as 13, and divide it into two Parts, as 4. and 9; take the Square 
of 13 which is 169; take alſo the Square of 4 which 1s 16, add theſe two Squares 
together,and they make 185. Then multiply the whole Number 13 into 4 (the aforeſaid 
part) twice, and you ſhall produce 52 and 52 take alſo the Square of the other parr, 
(that is of 9,) which is 81,and add it, to the Products of 13 into 4 twice that is, into 52 
twice, and thoſe three Numbers added together ſhall make 185 ; which is equal to the 
Number compoſed of the Squares of the Whole,and one of the Parts,which is alſo 185. 


Propoſition VII. If a Namber be divided into two Numbers, the Square of the 
Whole Number, together with the Square of one of the Parts, is equal to the $u- 
perficial Number produced of the Multiplication of the Whole Number into the 
foreſaid Part twice, together with the Square of the other Part. 
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Suppoſe that the Number A B be divided intor the Numbers A C and CB,then I ſay that 
the Square Numbers of the Numbers B A and C A, are equal toche Superficial Number 
produced of the Multiplication of the Number B A,into the Number A C twice, together 
with the Square of the Number B C: For, feraſmuch as (by the fourth of this Book) the 
Square of the Number A B, is equal to the Squares of rhe Numhers AC and BC, and to 
the Superficial Number produced of the Multiplication of the Numbers B C and C a, 
the one into the other twice; add the Square of the Number A C common to them 
both. Wherefore the Square of the Number A B, together with the Square of the 
| Number AC, is equal to two Squares of the Number A C, and to one Square of the 
Numher CB, and alſo to the Superficial Number produced of the Multiplication of the 
Number BC and AC, the one into the other twice: And foraſmuch as the Superficial 
Number produced of the Multiplication of the Numbers B A and CA, the one into 
the other once, is equal to the Superficial Number produced of the Multiplication of 
BC into A C once, and to the Square of the Number CA, (by the third of this Book;) 
therefore the Number produced of the Multiplication of BA into AC twice, is equal 
to the Number produced of the Multiplication of BC into A C twice; and alſo to the 
two Squares of the Number C A, add the Square Number of B C common to them both. 


Wherefore two Squares of the Number A C, and one Square of the Number B C, to- 


gether with the Superficial Number produced of the Multiplication of BC unto 
AC twice, are equal to the Superficial Number produced of the Multiplication of the 
Number B A unto the Number A C twice,together with the Square of the Number CB : 
Wherefore the Square of the Number A B, rtegether with the Square of the Number 
AC, is equal to the Superficial Number produced of the Multiplication of the Num- 
ber B A unto AC twice, together wih the Square of the Number C B. If therefore &c. 
Which was required to be Demonſtrated. E 


BC8 64 The Square of the Whole AB. 
8 25 The Square of the Part A C. 
3 f 164 The Square of the whole 89 * 
"hy 
5 80 The Superficial Number. 
= 8 9 The Square of the other Part B C. 
vil is The __ of the Part 89 
14s | þ 
12> - 7 | 
5} } ww, | 
| 8 The Superficial Number produced of the Multiplication of the Who.e 
into the Part twice. 
Z 
1 |3 
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C9 The Square of the other Part. 
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VII. If a right Line AB be divided by chance in C, the reftangled Figure com- 
prehended under the Whole A B, and one of the Parts B C, four times to- 
gether, with the Square which is made of the other Part AC, is equal 
to the Square which is made of the Whole AB, and of the aforeſaid Part 
BC, as of one Line. . | 


Conſtruftion. xtend the Line AB unto D, making BD equal to BC, and upon AD 
deſcribe a Square AEFD; then draw the Diametre E D, and from 

the point of Diviſion C, ard the Point B, draw the Lines C H and BL, parailel to 
AF and D F, cutting the Diametre in the Points K and P, through which points IK 
and Þ draw the right Lines MN and X O, parallel to A DandEF; atd conltituce 
the Gnomon S T U. | q 
Demonſtration. -Foraſmuch as C B is equal to BD, but CB 1s equal to GK, 
and likewiſe B D is equal to KN; wherefore G K alſo is equal to K N, and (by the: 
{ame reaſon) PR 1s equal to R O, And foralmuch as B CG is equal to B D, and GK tv 
KN, therefore the Figure CK is equal to the Figare D K, and the Figure GR to 
the Figare R N ; but the Figure CK is equal to the figure R N, for they are the Sup- 
plements of the Parallelogram CO ; wherefore the Figure DK allo is equal to the Fi- 
eureNR; wherefore theſe Figures DK, CK, GR, and RN, are equal the one to 
the other : Wherefore thoſe Figures are Quadruple to the Figure C K. Again, foraſ- 
much as C B is equal to B D; but BD is equal to BK, that is, unto CG; and CBig 
equal unto G K, that is unto GP; therefore C G is equal to G P. And foraſmuch as 


CGis equal toG P, and PR unto R ©; therefore the Figure A G is equal to the Fi- 


gure M P, and the figure P L is equal to the Figure RF; but the Figure MP is equal 
tothe Figure Þ L, for they are the Supplements of the Parallelogram ML : Wheretore 
theFigure a!ſo A G is equal to the Figure R'F ; wherefore theſe four Figures A G,MP, 
PL, andRF, are quadruple to the Fignre R F: And it is proved, that theſe four 
Figures CK, K D, GR, and RN, are quadruple to the Figure CK ; wheretore, the 
eight Figures which contain the Gnomon $ Y U, are quadruple ro the Figure AR : 
knd foraſmuch as the Figure AK is that which is contained under the Lines AB and 
- BD, for the Line BK is equal to the Line BD ; therefore that which is contained un- 
der the Lines AB and BD four times, is quadruple unto the Figure AK. And ir is 
proved that the Grnomon ST U is quadruple to AK ; wherefore that which is con- 
tained under the Lines A B and BD four times, is equal unto the Gzomon ST U. Put 
the Figure X H, which is equal to the Square made of A C, common unto them both : 
Wherefore the Rectangle Figure comprehended under the Lines AB and BD four 
times, together with the Square which 1s made of the Line AC, is equal to the Gnomor 
STU, and unto the Figure X H. Bur the Gromon S T U, and the Figure XH, are the 
whole Square A E F D, whichgis made of A D; wherefore that which is contained un- 
der the Lines A B and B D four times, tovether with the Square which is made of the 
Line AC, is equal to the Square which is made of AD: But BDis equal toBC; 
wherefore the Rectangle Figure contained four times under A B and BC, together 
with the, Square which is made of AC, is equal to the Square which is made of AD; 
that is, unto that which is made of AB and BC as one Line. Jf therefore & right 
Line, Rc. Which was to be Pemonſtrated. | 
| lilnitration in Numbers. 

| Take any Number as 17, and divide it into two parts 6 and 11, and multiply 15 
 Ntoo (one of the parts) four times , and you ſhall produce 102, 102, 102, 102 : 

Take alſo the Square of 11, (the other part,) which is 121, and add it unto the four 
Numbers produced of the Whole 17, multiplied into the Part 6 four times, and you 
ſhall have 529. Then add the whole Number 17 unto the part 6, and it makes 23, 
waich multiplied in itſelf produceth 529, equal ro the Number compoſed of the 
Vhole 17, into one of the Parts 6 four times, and of the Square of the other Parr, 
Which makes 529 allo. 


thopoſition VIII. If a Number be divided into two Numbers, the Superficial 
Number produced of the Multiplication of the Whole into one of the Parts four 
11mes, tozether with the Square of the other Part, is equal to the Square of 


ter. 


Suppole 


the Number compoſed of the Whole Number, and the aforeſaid Part, as one Num- 
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Suppoſe that the Number A B be divided into two Numbers AC and CB, then I ſay 
that the Superficial Number produced of the Multiplication of the Number AB into 
the Number CB four times, together with the Square of the Number AC, is equal to 
the Square of the Number compoſed of the Numbers A B and CB; for unto the Num- 
ber BC, let the Number B D be equal. Now foraſmuch as the Square of the Number 
AD is equal to the _ of the Numbers A B and BD, and to the Superficial Num- 
ber produced of the Multiplication of the Numbers A B and DB, the one into the o- 
ther twice, (by the fourth part of this Book ;) and the Number BD is equal to BC. 
therefore the Square of the Number AD is equal to the Squares of the Numbers 
AB and BC, and to the Superficial Number produced of the Multiplication of 
the Numbers AB and BC, the one into the other twice. But the Squares of the 
Numbers AB and BC, are equal to the Superficial Number produced of the Multipli- 
cation of the Numbers AB and BC, the one into the other twice, and to the Square 
of AC, (by the former Propoſition ;) wherefore the Square of the Number A D, is e- 
qual to the Superficial Number produced of the Multiplication of the Numbers AB 
and-BC, the one ingo the other four times, and to the Square of the Number A C. 
But the Square of the Number A D, is the Square of the Number compoſed of the 
Numbers A B and B C; for the Number BD is equal to the Number B C : Wherefore 
the Square of the Number compoſed of the Numbers AB and BC, is equal to the Su- 

ficial Number produced of the Multiplication of the Number AB and BC, the one 


into the other four times, and to the Square of the Number A C. Therefore, &c. 
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64 The Superficial Number produced of the Multiplication of the Num- 
ber AB andBC, the one into the other four times. 


- 


35 The Square of AC. 


Iv 


100 The Squares of the Number compoſed of A B and BC. 


100 The Superficial Number produced of the Multiplication made four times, and 
the Square Number of A C. | 


IX. If a Right Line AB be divided into Two equal Parts in C, and into Two 
unequal Parts in D; the Squares which are made of the unequal Parts of 
the Whole AD and DB, are double to the Squares which are made of the 
half Line AC, and of that Line C D, that is between the Seftions. 


Figure wa tunes "þ a the Point C ereCt a Perpendicular to the Line AB, as CE, ma- 

KL kingCEequalto AC,or CB; and draw the right Lines AE and BE; 

and by the Point D draw a Line parallel to CE, as DF; and by the Point F draw F©; 
parallel to AB; and laſtly, draw a right Line from A to F. 

» Demonſtration. Foraſinuch as AC is equal unto CE, therefore the Angle EAC is 
equal to the Angle CEA; and foraſmuch as the Angle at C is a right Angle, therefore 
the Angles remaining, EAC and CEA together, are equal to one right Angle; where- 

| fore each of theſe Angles CEA, and CAE, are the halt of a right Angle; and by the 


ſame reaſon alſo, each of the Angles CEB and EBC are the halves of a right Angle; 
Wi1cre- 
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Gerefore the whole Angle AE B is a right Argle. Ard foraſmuch as the Angle GE F is 
the half of a right Angle; but EGF is a right Angle, for it is equal to the inward and 
oppoſite Angle,that IS,It Is equal unto ECB; w heretore the remaining Angle EF Gis the 
half of a right Angle ; wheretorethe Angle GE F is equal tothe Angle GFE; wherefore 
ſo the Side E G is equal to the Side F G. Again, foraſmuch as the Angle at the Poinr 
B is the half of a right Angle, bur the Angle F DB is a right Angle,ftor ir is equal to the 
inward and oppolite Angle E CB; wheretore the Angle remaining, BF D, is half of 3 
right Angle 3 wherefore the Angle at the Point B is equal to the Angle DF B; where- 
fore the Side D F is equal to the Side DB: And foraſmuch as AC is equal unto CE, 
therefore the Square which rs made of AC is equal to the Square which is made of C E; 
wherefore the Squares which are made of CA and CE are double to the Square which 
i: made of AC : But the Square which is made of AE is equal to the Squares made of 
CaandCE; for the Angle ACE is a right Angle; wherefore the Square of AE is 
double to the Square of AC. Again, foraſmuch as EG is equah unto GF, the Square 
therefore which is made of E G is equal to the Square which is made of GF; wherefore 
the Squares which are made of EG and GF, are double to the Square which is made 
of-G F; but the Square which ts made of EF is equal to the Squares which are made 
of GE and G F ; wherefore the Square which is made of E F, is double to the Squzre 
which is made of GF: But GF 1s equal unto CD; wherefore the Square which is 
made of EF, is double to the Square which is made of C D; and the Square which is 
made of A 1, is double to the Square which is made of AC; wherefore the Squares 
which are made of AE and EF, are double to the Squares which are made of AC and 
CB; but the Square which is made of AF is equal to the Squares which are made of 


AE and EF, the Angle AEF being a right Angle: Wherefore the Square which is 


made of A F is double to the Squares which are made of AC and CD; bur the Squares 
which are made of AD and DF are equal to the Square which is made of AF; for 
the Angle at the Point D is a right Angle ; wheretore the Squares which are made of 
AD and DF are double to the Squares which are made of AC and CD: But DF is 
equal to BD ;z wherefore the Squares which are made of AD and D B are double to 
the Squares which are made of ACand CD. If therefore a Right Line, &e. Which 
wzs to be demonſtrated. 
Illuſtration in Nambers. 

Take any Even Number, as 12, and divide ir- firſt Equally into 6 and 6, and then 
unequally into 8 and 4, and rake the difference of the half ro one of the unequal parts, 
which is 2: Then take the Square Numbers of the unequal Parrs 8 and 4, which are 
64 and 16, which added rogether make 80: Then rake the Squares of the half 6, and 
the differcfice 2, and they are 36 and 4, which added together make 40; unto which 
Number the Number compoſed of the Squares of the unequal parts ( which is 80) is 


. double. 


Propoſition IN. If a Number be divided into two Equal Numbers, and again in- 
to two Unequal Numbers; the Square Numbers of ths Unequal Numbers are 
double to the Square which is made of the Multiplication of the half Number 
into it ſelf, together with the Square which is made of the Number ſet be- 
tween them. 
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For let the Number A B, being an cven Number, be divided into two equal Numbers 
ac and C B, and into two unequal Numbers AD and DB; then | ſay that the Square 
Numbers of A D and D B,/are double to the Squares which are made of the Multiplica- 
t10n of the Numbers of A C-and CD: For, foraſmuch as the Number AB is an even 
Number, and is divided alſo into two equal Numbers, AC and CB, and after- 
ward into two unequal' Numbers AD and BD; therefore the Superficial Num- 
der produced of the Multiplication of the Numbers AD and BD the one into 

© other, together with the Square of the Number DC, is equal to the Square 
the Number A C, (by the fifth Propoſition 3) wherefore the Saperficial Number pro- 
dice of the Multiplication of the Numbers AD and BD the one into the other 
| _ tozether with the two Squares of the Number C D, is double to the Square 
ue Number AC. Foraſmuch as alſo the Number AB is divided into two equal 
"mers A Cand CB; therefore the Square Number of AB is quadruple to _ _ 

u:Nber 
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Number produced of the Multiplication of the Number A C into itſelf, (by the fourth 
Propoſition.) Moreover, foraſmuch as the Superficial Number produced of the Multi- 
plication of the Numbers AD and BD, the one into the other twice, together with | 
the two Squares of the Number D C, is double to the Square Number of CA: And {| 
foraſmuch as there are two Numbers, of which the one is quadruple to one and the (vlf 
ſame Number, and the other is double to the ſame Number : Therefore that Number 
which is quadruple, ſhall be double to that Number which is double ; wherefore the 
Square of the Number A B is double to the Number produced of the Multiplication of | 
the Numbers AD and D B, the one into the other twice,together with the two Squares | 
of the Number DC; wherefore the Number which 1s produced of the Multiplication | 
of the Numbers A D and D B, the one into the other twice, 1s leſs than half of the Square 
Number of AB by the two Squares of the Number DC. And foraſmuch as the Num- 
ber produced of the Multiplication of the Numbers AÞD and DB the one into the other 
twice, together with»ethe Number compoſed of the Squares of the Numbers A D and 
DB, is (by the fourth Propoſition) equal to the Square of the Number A B; therefore 
the Number compoſed of the Squares of the Numbers AD and DB, is greater than the 
half of the Square Number of AB, by the two Squares of the Number DC. And the 
Square of the Number A B is quadruple to the Square of the Number A C; wherefore 
the Number compoſed of the Squares of the Number A D and DB, is greater than 
the double of the Square of the Number A C, by the two Squares of the Number DC; 
wherefore the ſaid Number is double to the Squares of the Number AC and Ch. 
Therefore &c. Which was to be Demonſtrated. 


X. If a right Line AB be divided into two equal Parts in C, and unto it be ad- 
ded another right Line direftly, B D ; the Square which is made of the 
Whole, and that which is added as one Line A D, together with the Square 
of the Line which is added to BD : Theſe two. Squares ſhall be double to 
the Square which is made of the half Line A C, and to the Square which is 
made of the other half, with the Line added CD. 


Figure Conſtrnitzon. [Rom the Point C, in the middle of the Line AB, ercCt the Perpendicu- 
V. lar CE, and make CE equal to AC or BC; then draw the Lines 
AEande B, and through the point E draw a Line Parallel; toCD,as EF and by the 
Point D draw a Line Parallel to CE, as DF, and produce the Lines E Band FD, till 

they concurr in the point G; and then draw the Line AG. 

Demonſtration. Forſmuch as the Line AC 1s: equal to the Line EC, the Angle 
alſo AEC is equal to the Angle EAC, and the Angle at C is a right Angle ; where- 
fore each of the Angles EACand CEA is the half of a right Angle : And by the ſame 
reaſon, each of theſe Angles CEB and EBC is the half of a right Angle, and the 
Whole Angle AE B isa right Angle. And foraſmuch as the Angle EBC is the half 
of a right Angle ; therefore the Angle DBJG is the half of a right Angle. But the 
Angle BDG isa right Apgle, for it is equal to the Angle DC E, they being alternate 
Angles; wherefore the Angle remaing DGB is the halt of a right Angle ; wherefore 
the Angle DG B iis equal to the Angle DBG ; wherefore the ſide BD is equal to 
the ſide DG: Again, foraſmuch as the Angle EGF is the half of a right Angle, and 
the Angle at F js a right Angle, (for it is equal to the oppoſite Angle E CD;) where- 
fore the Angle remaining FE G is half of a right Angle; wheretore the Angle EGF 
1s equal to the Angle FEG, and FE is equal to FG. And foraſmuch as E C is equal 
to C A, the Square alſo which is made of EC is equal to the Square made of C A 

- wherefore the Squares which are made of CE and CA, are double ro the Square which 
is made of C A: But the Square which is made of E A is equal unto the Squares made 
of AC and CE, and the Square which is made of AE, is double to the Square made | 
of AC. Apain, foraſmuch as GF is equal to E F, the Square alſo which is made of 
F G, ſhall be equal to the Square made of EF; wherefore the Squares which are mace 
of G F and EF are double to the Square which is made of E F': But the Square which | 
is made of E G is equal to the Squares made of EF and GF; therefore the Square 
which is made of EG, is double to the Square which is wade of EF. But E F is equal ]- | 


to CD; wherefore the Square which is made of E G is double to the Square which 1$ 
made of CD. ; And 1t is proved, that the Squarc which is made of A E is double to the 
Square which is made of A C; wherefore the Squares which are made of AE andE © 
are double to the Squares which are made of A C and CD. Burt the Square which is 


made of AG.is equal to the Squares made of AE and EG; wherefore the Square 
Wh 
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which is made of AG is donble to the Squares made of AC and CD. But unto the 
Square which is made of A GG, the Squares that are made of A D and DG are equal ; 
wherefore the $quares which arc made of AD and DG, are double to the Squares 
made of AC and DG. But DG is equal to DB; wherefore the Squares which are 
made of A D and D B, are double to the Squares which are made of A C and DC. 1f 
therefore a right Live, &c. Which was to be Demonltrated. 

| liuſtration in Numbers. 

Tike any even Number, as 18, and take the half of it which is 9, and unto +8 the 
Whole 2dd any Number, as 3, which makes 21, Take the Square Number of 21, (the 
whole Nun.b:r 18, and the 3 added,) which 13 441 : Take alfo the Square of 3 (the 
Number addcd) which is 9, theſe two Squares added together make 450: Then add 
the half Number 9 to the Number added 3, and they make 12: Alfo take the Square of 
, (the balf N umber,) and the Square of 1 2, (the half Number and the Number added,) 
which Squares are $1 and 144; which two Squares added together make 225, unto 
which Number the aforeſaid Number 450 is double. 


Propoſition X. If an even Number be divided into two equal Numbers, and unto 
it be added any other Number ; the Square Number of the Whole Number, com- 
poſed of the Whole Number and of that which is added, and the Square Number 
of the Number added : Theſe two Square Numbers added together, are double 
to the Square Numbers of the half Number, and of the Square of the half Num- 
ler and the Number added, as ove Number. ; | 
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Suppoſe that the Number AB, being an even Number, be divided into two equal Num- 
bers ACand C B; and unto it let be added another Number, BD: Then I ſay, tha 
the Square Numbers of the Numbers A D and BD, are double to the Square Numbers of 
ACand CD : For foraſmuch as the Number A D,. is divided into the Numbers A B 
ard BD; therefore the Square Numbers of the Numbers AD and DB, are equal to 
the Superficial Number produced of the Multiplication of the Numbers A D and DB, 
the one into the other twice, together with the Square of the Number A B, (by the 
1th Propoſition.) But the Square of the Number A B, is equal to four Squares of either 
of the Numbers A C or CB, (for AC is equal to CB;) wherefore alſo the Squares of 
the Numbers A D and DB, are equal to the Superficial Number produced of the Multi- 
plication of the Numbers AD and DB, the one into the other twice, and to four 
= of the Number A C or BC: And foraſmuch as the Superficial Number produced 
of the Multiplication of the Numbers A D and D B, the one into the other, together 
fich the Square of the Number CB, is equal to the Square of the Number CD, (by the 
6th Propoſition 3) therefore the Number produced of the Multiplication of the Num- 
bers AD and DB, the one into the other twice, together with the two Squares of the 
Number C B, is equal to two Squares of the Number CD. Wherefore the Squares of 
ADand DB are equal to the two Squares of the Number C D, and to two Squares 
of the Number A C: Wherefore they are double to the Squares of the Numbers A C 
and CD; and the Square of the Number AD, is the Square of the Whole, and of the 
Number added; and the Square of DB is the Square of the Number added; the 
Square alſo of the Number C D, is the Square of the Number compoſed of the half, 
ad of the Number added. Therefore, &c. Which was required to be proved. 
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Geometrical PROBLEMS. 


I. How to divide a Right Line into Two equal Parts, and at Right Angles. 


ET the right Line given be AB. Open the Compaſlles to any convenient diſtance 
L greater than half the length of the given Line AB} then ſetting one foot of the 
Jompaſſes in the Point A, with the other deſcribe the occulr._ (or obſcure) Arch aa; 
then (the Compaſles being ſtill open to the ſame diſtance) ſet one foor in the Point B, 
and with the other deſcribe the occult Arch b 6, croſſing (or cutting) the former Arch 
4a in the Points C and D: A right Line being drawn through the Points C and D, 
ſhall divide the given Line AB into two equal Parts in the Point E, and alſo ar right 
Angles. Which was required to be done. 


Il. How to divide a Right Line- into two equal Parts, but not at Right Angles. 


Let the right Line given to be divided be FG. It may prove inconvenient in ſome 
caſes to open the Compealles to a greater diſtance than half the leogth of the given Line, 
2S in the foregoing Problem 1s required ; to prevent which inconvenience, open the 
Compaſſes to any ſmall ( but competent ) diſtance, with which diſtance ſet one foot 
of the Compaſſes in the point F, and with the other deſcribe the occult Arch cc; alſo 
ſet one foot of the Compaſles in the Point G, and with the other deſcribe the Arch 44; 
then apply a Ruler to the two Arches cc and dd, in ſuch ſort that it may only touch 
the faid Arches, and not cut the Tame, then by the ſide of the Ruler draw the right 
Line H K, which will divide the given right Line FG into two equal parts in the 
Point I. Which was, &c. 

This way is not ſo artificial, nor (indeed) ſo Geometrical as the former. 


Ill. 2/pon a Right Line, and from a Point therein given, to ere a Perpendicular. 


Let the Line given be LM, and let the Point from whence the Perpendicular is to 
be erected be the Point Z. Open the Compalles to any ſmall diſtance, and ſetting ons 
foot in the given point Z, with the other make the two niarks N and OQ, on either 
ſide of the given Point Z, and in the given Line LM; then open the Compaſſes to any 
other convenient diſtance (greater than the former,) and ſerting,one foot in the Poiar 
N, with the other deſcribe the occult Arch c c 3 and (the Compalſles reſting at the ſame 
diſtance) ſet one foot in the- Point O, and with the other deſcribe the occult Arch ff, 
croſſing the former Arch ce in P: A right Line drawn from the given Point Z 4hrough 
the Point P, as ÞP Z, ſhall be perpendicular to the given Line LM. Which was, &c. 


IV. ow to eredt a Perpendicular from the End of a right Line given, with once 


Figure 
IV. 


Figure 


opening of the Compaſſes. 

Let the given Line be QR, and let R be the Point from which the Perpendicular 
is to be erected. Open the Compaſſts to any convenient ſmall diſtance, as RS; then 
ſetting otie foot bf the Compatlles in R, with the other foot deſcribe the occult Arch 
Shg; this done (and the Compaſks remaining ſtiil at the ſame diſtance,) ſer one foot 
in S, and with the other make the marks h and g, in the obſcure Arch Shg. Again, 
Set one foot of the Compaſles in &, and with the other deſcribe the occult Arch 1g, 
and ſetting one foot in g, deſcribe the occult Arch hk, croſting the former Arch lg 


in T; a right Line drawn from the given Point R, throught T, ſhall be a'Perpendi- 
cular to the given Line QR. Which was, &c. 


V. How (at once opening of the Compaſſes) to ere a Perpendicular upon the end 
(or any other Point) of a Right Line given. 


Let V W be the Line piven, and V the Point from whence the Per>endicular is to 
be erected. Open the Compaſſes to any convenient diſtance, and fetring one foot in 
the given Point V, pitch the other down at all adventures in the Point -; and kee- 

ing one foot in », turn the other about till it croſs the given Line V W in -; and al- 
o one foot ſtill reſting in -, with the other deſcribe the occult Arch o 2; lay a _ 
: rom 
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from mm tO ”, and. it will cut the Arch oo in X: A right Line drawn from the given 
Point V, through X, ſhall be perpendicular to the given Line V W, Which was, &c. 


vi. How from a Point above to let fall a Line which ſhall be perpendicular to a 


Line g1ven. 

Let the Point given be C, from which it is required to draw a right Line, which Fiomr 
ſhall be perpendicular to the given Line A B. © Open the Compaſles to any diſtance oo wy 
greater than CE, and ſerting one foot in the given point C, with the other make the YI. 
marks p and q in the given Line AB; this done ſet one foot of the Compalles { they 
being opened to any convenient diſtance) in 9, and with the other deſcribe the oc- 
cult Arch 77 3 and one foot being placed in p, with the other deſcribe the obſcure 
Arch s 5, croſſing the former Arch in D: A Ruler laid from D to the given Point C, 
ſhall cur the given Line ABin E; and a Line drawn from C to E ſhall be perpendi- 


cular to the given Line AB. Which was, &C. 


VI. How to perform the ſame another way, when the Point above falls near the 
end of the given Line, or when there is not competent room below the 


frven. Line to draw the former Arches rr and ss. 


Let H be the Point given, from which Point let it be required to draw a right Line, Figure 
which ſhall be perpendicular to the given right Line TG. Draw an obſcure right Line VII. 
from H, the Point given, to G, the end of the Line given, as the obſcure Line H G, b 
which divide into two equal parts In x; upon x, as a centre, with the diſtance # H, or 
«G, deſcribe an obſcure Semicircle G K KH, cutring the given right Line in K : a right 
Line drawn from the given Point H to the Point K, ſhall be perpendicular to the 


given Line T G. Which was, &C. 


VI. Between two Points given to interpoſe two other Points, which ſhall be in the 
ſame right Line with the two given Points. 


Let the two given Points be Land M. Open the Compaſſes to any diſtance greater Fire 
than half the diſtance between the two given Points, and one foot being placed in L, Tin 
with the other deſcribe the occult Arch a a, alſo, (the Compaſſes unaltered,) ſet one : 
foot in the Poine M, and with the other deſcribe the occult Arch bb, cutting the for- 
mer Arch in the Points c and 4: Again, open the Compaſles to any diſtance greater 
than half c 4, and ſetting one foot in 4, with the other deſcribe the occult Arch ee; and 
placing one foot of the ſame diſtance in c, with the other deſcribe the occult Arch f f, 
cutting the former Arch in the Points N and O, ſo ſhall the two Points N and O be 
interpoſed between the two given Points L and M, and in the ſame right Line with 


them. Which was, &Cc. | | 
This Problem may be of uſe, when two Points are propoſed at a diſtance longer 


than the length of your Ruler. 
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IX. A right Line being given, to draw another right Line which ſhall be parallel 


thereunto, and at any diſtance aſſigned. 

Let the given Line be PQ, and it is required to draw another right Line parallel Figure 
thereunto, at the diſtance of the length of the given Line R. Take in your Compaſles 7 
the length of the given Line R, and ſetting one foot in the given Line PQ towards 
the ends thereof, with the other deſcribe the two occult Arches gg and bh: A Ruler 
ſo lai that it may only touch the tops of the ſaid two Arches, and not cut them, and 
aright Line drawn by the ſide thereof, as S T, ſhall be parallcl to the given Line PQ, 


and at the diſtance of the given Line R. Which was, &c. 


X. How to draw a right Line which ſhall be parallel to a right Line given, and 


ſhall alſo paſs through a Point aſſigned. 
Let the Line given be V W, and let X be the Point given, through which a right F1gure 
Line is to be drawn parallel to the given Line V W. From the given Point X draw an X. 7 
obſcure Line to any part of the given Line V W, as the occult Line X/; then ſetting 
one foot of the Compailes in /, extend the other to X, and draw the occult Arch X&; 
and (the Compaſſes unaltered ) ſet one foot in X, and with the other deſcribe the oc- 


cult Arch 1zz then take in your Compalles the diſtance between the given Point q 
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and b. and ſet that diſtance upon the Arch /», from/to Y: A right Line drawn from 
the oiven Point X through Y, ſhall be parallel to the given Line V W, and ſhall alfo 
paſs through the aſſigned Poiar X. Which was, &C. | 


XI. How to make an Angle equal to an Angle given. 

Let A BC be the Angle given,unto which it is required to make another Angle equal. 
Firſt draw a right Line DE, of any length ; then opening your Compaſlles to anv c9n. 
venient diſtance, ſet one foot in D, and with the other deſcribe the occult Arch Pg; 
this done, (and the Compaſſes unaltered, ) ſet one foot in the given Angular Point B, 
and with the other deſcribe the occult Arch » 0, then take the diſtance between » and 
o, and ſet it upon the obſcure Arch p 95 from » to F, and draw the right Line DF: $ 
ſhall the Angle F DE þe equal to the given Angle ABC. Which was, &c. 

Note, That an Angle is always ſigned by Three Letters, the middlemoſt whereof expreſ- 

ſeth the Angular Point, as here B ana D. | | 


XII. How to divide au Angle into Two equal Parts. 

Let the Angle given b2 GRH. The Compaſles being opened to any convenient 
diſtance, ſet one foot in the Angular Point R, and with the other deſcribe the oh- 
ſcure Arch 7 5, cutting the two ſides containing the Angle in r and 5; then the Com- 

ſles opened to the ſame (or any other convenient ) diſtance, ſet one foot in r, and 
with the other deſcribe the occult Arch rz; alſo ſet one foot in s, and with the other 
deſcribe the occult Arch v v, croſſing the former obſcure Arch rt in L: A Line drawn 
from the given Angular Point R through L, ſhall divide the given Angle GRH into 


two equal Parts. Which was, &C. 


XIII. A Right Line being given, how to divide the ſame into any number of equal 
Far 


Let MN be a right Line given, and let it be required to divide the ſame into four 
equal Parts. From the end N, draw a right Line N O, making any Angle; alſo, 
through the Point M: draw the right Line M P, parallel to ON, ſo ſhall the two An- 
gles ONM and N MP be equal; this done, open your Compaſſes to any ſinall diſtance, 
and ſetting one foot in N, run that diſtance three times ( which is one leſs than the 
Line is to be divided into parts, ) upon the Line NO, at 1, 2, 3; alſo run the ſame 
three times upon the Line MP, at 1, 2, 3; laſtly, if you draw the occult Lines 1 3, 
22, and 3.1, each to its oppoſite, they ſhall divide the given right Line MN into four 
equal parts in the Points xyz. Which was, &C. | 


XIV. Zlow to make a Triangle, whoſe three Sides ſhall each of them be equal to 


a right Line given. 


\ . Let the given Line be the Line Q, and let it be required to make a Triangle, each 


of whoſe three Sides ſhall be of equal length thereto. Take in your Compaſſes the 
length of the Line Q, unto which make the Line RS equal; then ( the Conpaſſes be- 
ing ſtill open to the length of the Line Q) ſet one ſoot in the Point R, and with the 
other deſcribe the occult Arch 4 4; alſo, ſet one foot in the Point S, and with the other 
deſcribe the occulr Arch 46, crolling the former Arch in the Point T ; laſtly, if you 
draw the right Lines T R and T'S, you ſhall have conſtituted the Triangle R ST, cach 
of whole Sides are equal to the given Line Q. Which was, &c. 
Such a Triangle as this 1s called Equilateral, for that the Three Sides are all equal. 


XV. ow to make a Triangle whoſe three Sides ſhall be equal to three given right 
Lines. 


Let the three given right Lines be V, W, and X, of which a Triangle is to be made 
whoſe Sides ſhall be equal to thoſe three right Lines. Firſt, Take the longeſt Line X_ 
in your Compalles, and make the Line Y Z equal thereunto; then take the Line W in 
your Compalles, and ſetting one foot in Z, with the other deſcrib2 the occult Arch cc; 
alſo, take in your Compaſſes the given Line V, and ſetting, one foot in Y, with the 
other deſcribe the Arch 4d, cutting the former Arch in A: Now. if you draw the right 
Lines AY and A Z, you ſhall have conſtituted the Triangle AYZ, whoſe three Sides are 
equal to the three given Lines V, W, X. Which was, &c. 


=> N ote 
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Note, That the ferformance of this Problem will be de fettive, if the two ſhorter of the three 
given Lines being added together, be not longer then the longeſt given Line. 


XVI. ZZow to make a Geometrical Square, whoſe ſides ſhall Le equal to a right 
Line groen. | 
Let the given Line be B, to which the ſides of the Geometrical Square are to be Figure 

equal. Take the Line B in your Compaſles, equal upto which make the Line CD: XVI. 
Then (by the 4th or 5th Problem) upon the point D erect the Perpendicular D E, 
making D E equal to CD: Then taking the given Line B in. your Compaſſes, ſer 

one foot in the Point E, and with the other deſcribe the occult Arch ff, and remo- 

ring the Compaſles to C, ſer one foot in C, and with the other deſcribe the Arch e e, 
cutting the former Arch in F. Laſtly, draw the righr Lines F E and FC, fo ſhall you 

hay conſtituted the Geometrical Square CDE F, cach of whoſe lides are equal to the 

given right Line B. Which was, &c. 


XVII. How to make a Parallelogram or long Square, whoſe Lemth and Breadth 
ſhall be equal to two given right Lines. 


Let the two given Lines be G and H. Take the longeſt Line H in your Compaſſes, Figure 
unto which make K L equal : Then (by the 4th or 5th Problem) upon the Point L, XVIL 
ere@t the Perpendicular LM, making the Line L M equal to the given Line G. Then 
take the Line H in your Compaſſes, and ſetting one foot in M, with the other deſcribe 
the obſcure Arch g g: Alſo take the Line G in your Compaſles, and ſetting one foot 
in K, with the other deſcribe the Arch h h, crofling the former Arch in the Point N. 

Laſtly, draw the right Lines N M and N K, and fo you ſhall have conſtituted the Pa- 
rallelogram or long Square K LMN, whoſe length K L is equal to the given Line H, 
and breadth LM equal to the given Line G. Which was, &c. 


XVIIL. How to make a Rhombus whoſe fide ſhall be equal to a given right” 
Line. | 
Let the given Line be O, unto which the ſide of the Xhombus is to be equal. Take Figure 
the Line O in your Compaſles, unto which make P Q equal: Alſo the length of the Line XVI. 
0 being taken in the Compaſſes, ſet one foot in Q, and with the other deſcribe the 
occult Arch 2m: Then (the Compaſles being ſtill open at the diſtance of the given 
Line O) ſet one foot in the point P, and with the other croſs the occult Arch -z » in 
R, and ſetting one foot of the Compaſſes in R, croſs the former obſcure Arch mz mn, 
again in the Point S. Laſtly draw the right Lines PR, RS, and SQ, and 
they will conſtitute the Khombxs PQRS, whole ſides are all equal to the given 
Line O. Which was, &c. 


XIX. How to make a Rhomboyades, wheſe longer and ſborter ſides ſhall be equal 


to two given right Lines. 


Let the two Lines given, to which the ſides of the Rhomboyages are to be cqual, be Figure 
Tand V: Take the Line V in your Compaſſes, unto which make W X equal: Alſo XIX. 
take the Line T in your Compaſles and ſet one foot in W, and prick the other down 
a all adventure as at Y, (if thg Angle of the Rhomboyades be not limited ;) then with 
the length of the Line V, ſet one foot of the Compaſles in Y, and with the other de- 
ſcribe the occult Arch 00: Alſo with the length of the Line T, fer one foot in X, and 
Kith the other deſcribe the Arch » », croſſing the former Arch in Z. Laſtly, draw the 
right Lines Y Z an& ZX, and you - ſhall have conſtituted the Rbomboyades W XY Z, 
whoſe longer ſides, Y Z and W X, ſhall be equal to the given Line V, and whoſe ſhorter 
lides, Y W and Z X, equal to the given Line T. 


XX. Flow to make a Rhomboyades whoſe two ſides ſhall be equal to two right 
Lines given, and whoſe acute Angle ſhall be alſo equal to an Angle given. x igure 


Let the two given Lines to which'the two ſides of the Rhomboyades are to be equal, he XX- 
Aand B, and the given Angle let be the Angle C: Take the Line A in your Compalles 
ad make DF, equal thereto; then upon the point D, (by the 11th Proble/n,) make an 
Angle equal Hehe given Angle C, and let the containing fide thereof DF, be made 
©qual to the given" Line B; Then with the length of the given Line A, ſzt one foot - 
the 
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| the Compaſſes in F, and with the other deſcribe the occult Arch p p: Alſo with the 


length ot the given Line B ſet one foot in the point E, and with the other deſcribe 
the obſcure Arch 9g, croſſing the former Arch in G. Laſtly, draw the right Lines FE G 
and GE, and they ſhall encloſe the Khomboyades D E F G, whoſe two ſhorter ſides, D F 


and E D, ſhall be equal to the given B ; and the two longer lides DE and FG are equal 


- Figure 
XXI, 


Figure 
XXII. 


Figure - 


XXII. 


Figure 
XX1V. 


to the given Line A; and the acute Angles, FDE and FG E, either of them equal to 
the given Angle C. Which was, &C. | 


XXI. How to make a Trapezia whoſe four ſides ſhall be equal to any (poſſille) 
four right Lines gtven, and one of its Angles equal to an Angle givey. 


Let the four given Lines to which the four ſides of the Trapezia are to be equal be 
the four right Lines H, 1, K, and L; and let the given Angle (to which one of thg An- 
gles of the Trapezia is to be equal) be the Angle M. : Take the Line L in your Com- 
paſſes, to which make N O equal: Then upon the point O (by the 1 ith Propoſition) 
make an Angle equal to the given Angle M, and make the other containing ſide of that 
Angle, OP, equal to any of the other given Lines, (as here it is made equal to the 
given Line 1:) Then take in your Compaſſes the given Line H, and ſetting one foot in 
P, with the other deſcribe the occult Arch r 7, and taking in your Compalles the Line 
K ſet one foot in N, and with the other deſcribe the Arch s 5, croſſing the former in 
the Point Q. Laſtly, draw the right Lines NQand QP, and you ſhall have conſti- 
tuted a Trapezia, whoſe four ſides ſhall be equal to the' tour given Lines H, I, K, and L, 
and one of whoſe Angles (namely, the Angle P, O, N,) equal to the given Angle M. 


Which was, &Cc. 


XXII. 4 Circle being given to find the Centre. 

Let the Circle given be TSV and the Centre thereof is required. Draw a Line 
within the Circle in any part thereof, ſo that it may touch the Circumference thereof 
in two Points, as the Line T V : Then open the Compaſles to any convenient diſtance, 
greater than half T V, and ſet one foot in T, and with the other deſcribe the obſcure 
Arch vv. Alſo with the ſame diſtance of the Compalſlles, ſet one foot in V, and with 
the other deſcribe the occult Arch # z, croſſing the former Arch in the points S and R, 
by which Points draw the right Line RS: Again, ſet one foot of the Compaſles in R, 
and extend the other to Z, and upon R, deſcribe the obſcure Arch x x, and with the 
ſame' diſtance upon Z, deſcribe the occult Arch y y, croſſing the former obſcure 
Arch in the Points W and X, through which Points draw the right Lines W NX, croſl- 
ing the right LineRSin A; ſo ſhall A be the Centre of the Circle. Which was, &c. 


XXIIIL Zow to find the Centre of a Circle, whoſe Circumference ſhall paſs through 
any points given, which three Points do not lie in a right Line. 


Let the three points through which the Circumference of a Circle is to paſs be the 
points B, C, and D. Place one foot of the Compaſſes in one of the given Points B, 
and extend the other to another of the given Points, as to C, and upon B as a Centre, 
deſcribe the obſcure Arch aa. Then (the Compalles remaining ſtill at the ſame di- 
itance,) ſet one foot in C, and with the other croſs the former obſcure Arch in the 


Points b and c, and through thoſe- points draw the right Line- 6c at length: Again, 


(the Compaſles unalter'd,) ſer one foot in the thirfl given point D, and with the 
other croſs the former obſcure Arch a a, in the points e and f, and draw the right 
Line e f, croſſing the other right Line bc, in the point E ; fo ſhall E he the Centre, u 

on whichif a Circle be deſcribed, at the diſtance of any of the given points, it ſhall paſs 


through all three of them. Which was, &c. 


XXIV. A Circle being given to find the length of a Line, which ſhall divide the 
Circumference of that Circle into any number of equal Parts, not exceeding 
Ten. 


Let the Circle given be AF CG. | : 
Firſt, draw the Diametre A C, and (by the 1ſt Problem) divide the ſame into two 


equal Parts at right Angles in E, and draw the right Line F G, which ſhall divide the 
Circumference into two equal Parts. ad 


Secondly, 
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Secondly, Tzke in your Compalles the length of the Line E F or EG, and ſet it 
from A to B, and from Ato D, and draw the right Line BD, which Line ſhall divide 
the Circumference into three equal Parts. | : 

Thirdly, A right Line drawn berween any two next interſections of the Semidiame- 
tre, with the Circumference, as the Lines AFor GC, ſhall divide the Circumference 
into four equal Parts. | 

Fourthly, Set one foot of the Compaſſes in A, and extend the other to F, and deſ- 
cride the obſcure Arch F1; a right Line drawn from F to 1, ſhall divide the Circumfe- 
rence into five equal Parts. 

Fifthly , Any of the Semidiamerres, as EA, EG, EF, &c. will divide the Circum- 
ference into fix equal Parts. 

Sixthly, Half the Line B D, as H B, or H D, ſhall divide the Circumference into 
ſeven equal Parts. ; 

Seventhly, Divide the Line A F (by the 1ſt Problem,) into two equal Parts at right 
Angles in M, and draw the Line E M, continuing it cill it cut the Circumference in 
the point K, and draw the Line A K, which ſhall divide the Circumference into eight 

ual Parts. 

Eightly, Divide the Arch DAB into three equal parts, one of them will be the 
Line DL, which will divide the Circumference into nine equal parts. 

Ninthly, The Line E 1 will divide the Circumference into ten equal Parts. Which 
nas, GC. ! 


XXV. Within a Triangle to inſcribe a Circle. 


Let the Triangle given be ABC, in which a Circle is to be deſcribed, which ſhall Figure 
touch all the three ſides of the Triangle. Divide (by the 12th Probler) any two An- XXV. 
gles of the Triangle into two equal Parts, as here I have divided the Angle A CB, by 
the obſcure Line C a, and the Angle ABC, by the occult Line B 6b, which two Lines 
croſs each other in the point D, which is the Centre, upon which you may deſcribe a 
Circle which will touch all the ſides of the Triangle, and will be the greateſt Circle 
that can be inſcribed within the ſame Triangle. Which was, &c. | 


XXVI. About a Triangle to deſcribe a Circle. | 


Let the given Triangle be E F G, about which it is required to deſcribe a Circle Figure 
which ſhall touch all the three Angles of the Triangle. Divide (by the 1ſt Problem) XXvI. 
any two (ides of the given Triangle, into two equal Parts at right Angles, (as here I 
have donc the two ſides EF and EG,) by the two occult Lines c e and df, crofling 
each other in the point H : Upon which point, H as a Centre, if you open the Com- 
palles ro the diſtance of any of the Angles and deſcribe a Circle, the Circumference 
ofthat Circle ſhall rouch all the three Angles of the given Triangle EF G. #bich 
vas, CC. 


AXVIL 1WWithin a given Triangle to deſcribe the greateſt Geometrical Square that 
may be. 


Let the Triangle given be K LM, within which it is required to deſcribe the largeſt Figure 
Geomerrical Squere that may be, Art the end of the Baſe of the Triangle, M, (by the XXVIL 
gih or 5th Problem,) erect the Perpendicular Mk, making M h equal to the Baſe of 
the Iriangle LM : Alfo (by the 6th Problem,) ler fall the Perpendicular from the 
vertical Angle of the Triangle K, to cut the Baſe in eg: Or, (by the 1oth Problem,) 
through the vertical Angle, K, draw a Line Parallel to Mh, as K g, cutting the Baſe in 
tie lormer Poir't g : Then if you draw the obſcure Line g by it will cut the {ide of the 
Triangle K M in the Point N, through which Point N (by the 1oth Problem) Craw the 
LireN ©, Parallel to the Baſe LM. This done, from the two Points O and N, draw 
the two Lines OP and N Q, Perpendicular to the Baſe LM, or Parallel to the Perpen- 
dicular K g, and you ſhall conſticute the Geometrical Square NO PQ, which is the 
greateſt that can be inſcribed within the given Triangle K LM. Which was, &c., 


XXVIIL. Within a Geometrical Square to inſeribe an equilateral T, riangle. 


Let the Geometrical Square given beRST V, within which is to be inſcribed the Figure 
greateſt equilateral Triangle that may be: Draw the two obſcure Diagonal Lines XXVill. 
K Vards 1, crcflirg cach other in the Centre X; then ſet one foor of your _ 
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RXIX. 


Figure 
XXX. 


Figure 
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Figure 
XXXlI, 


XXXI. Flow to make a Geometrical Square which ſhall paſs through any three 
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bode paſles in V, and open the other to X, and with that diſtance deſcribe the occult Arch 


k k, cutting the ſides S V and T V of the Geometrical Square in the Points Z and y. 
Laſtly, draw the right Lines Z Y, R Z, andR Y; fo ſhall you have conltituted the 
equilateral Triangle R Z Y, which is the greateſt equilateral Triangle that can be in- 
ſcribed in the given Geometrical Square RSV T. Which was, &c. 


XXIX. Within a Pentagon to inſcribe an equilateral Triangle. 


Let the Pentagon given, in which the greateſt equilateral Triangle that may he is to 
be inſcribed, be ABCDE. Firſt divide any two ſides of the Pentagon (by the 14+ 
Problem) into two equal parts at right Angles, as 1s here done-the two ſides CD and 
AE, by the two obſcure Lines Ao and C », croſling each other in H, the Centre of 
the Pentagon. Set one foot of the Compatles in H, and with the diſtance H A deſcribe 
cthe occult Circle, which will touch all the Angles of the Pentagon : Alſo (with the 
diſtance A HK) one foot being placed in A, with the other deſcribe the occult Arch 
H mn, which divide into two equal - parts in the Point K; from A (through the Point 
K) draw the right Line AF, and with the diſtance AF upon the Point A, deſcribe 
the occult Arch F G, and draw the Lines F G and AG; fo ſhall you have conſtituted 
an equilateral Triangle A F G, which is the greatelt that can be inſcribed within 
the given Pentagon ABCDE. Which was, &c. 


XXX. About a Geometrical Square to C ircumſcribe a Triangle, whoſe Angles ſhall 
be equal to the Angles of a Triangle given. | 


Let L MN O be a Geometrical Square given, about which is to be Circumſcribed a / 


Triangle whoſe Angles are to be equal to the Angles of the given Triangte ST y. 
Firſt, let one of the ſides of the Square given (as N O) be continued on either ſide 
at liberty towards P and-Q. Then, upon the oppoſite ſide of the Square LM, upon 
the angular Point M (by the ſame 11th Problem) make an Angle equal to the Angle 
SV T of the given Triangle. Alſo upon the Angular Point L (by the ſame 1 ith Pro- 
blem) make an Angle equal to the Angle ST V, of the given Triangle, the contain- 
ing ſides of which two Angles, R M L and R LM being drawn, will meet in the Point 
R, and then will the two Triangles ST V and R LM be Equiangled, (by the Con- 


ſtruſtion.) Laſtly, extend the ſides RM and RL of the Triangle R L M, till they | 


croſs the ſide of the Square N O, formerly extended in the Points P and Q; fo ſhall 
the Triangle R P Q be circumſcribed about the Geometrical Square LMN O, and the 
Angles of it ſhall be equal to the Angles of the given Triangle $ T V. Which was, &c. 


KXXI. About an Fquilateral Triangle to deſcribe a Geometrical Square. 


Let ABC be an Equilateral Triangle given, about which a Geometrical Square is 
to be Circumſcribed. Divide the fide BC of the Equilateral Triangle, into two equal 
parts at right Angles (by the 1ſt Problem) in the Point H, and draw an obſcure Line | 
AHm. Then take in your Compalles the diſtance HC or HB, and ſet it from H to 
D. Then (by the 1ſt Problem) divide the Line AD into two equal parts in the point; 
E, and at right Angles, by the occult Linez Eo. Then take in your Compaſſes the 
diſtance AE, and ſet it from E to F, and from E to G. Laſtly, draw the Lines AF, 
FD, DG, and G A, which will conſtitute the Geometrical Square AF GD, Circum- 
ſcribed about the given Equilateral Triangle ABC. Which was, &c. 


Points given, 'which lie not in a right Line. 


Let the three given Points be K LM, by all which a Geometrical Square is to paſs 
Through two of the given Points (it matters not which) as K and L, draw a rig 
Line and extend it at liberty: Then from the third Point M, (by the 6th Problem) le 
fall the Perpendicular M N, and extend MN, if need be. This done, take in you 
Compaſles the diſtance from N to K, and ſet it upon the Perpendicular Line N 
(extended) from N to : Alſo, with the ſame diſtance N K or NO, ſet one foot in C 
and with the other deſcribe the occult Arch cc, and removing the Compalles to I 
deſcribe the obſcure Arch s s, croſling the former in P. Laſtly, draw the right Ling 
OPand KP, and they will conſtitute the Geometrical Square P O KN, which ſhall 
paſs by the three given Points K LM. Which was, &c. bp” 
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ZERG 
XXX. 4 7riane being given how to conſtitute another Triangle equal thereunts 
| having the ſame Baſe and Altitude, but the Angle at the Baſe equal to 


an Angle given. 


Ee al 


Let QRS hea Triangle given, to which it is required to make another equal, ha. Figure 
ving the ſame Baſe and Altitude, but the Angle at the Baſe equal to the given Angle T. XXX1L 


Through the Vertical Angle Q, of the given Triangle (by the 1oth Problem) draw 
the obſcure Line m7 7, Parallel to the Baſe of the Triangle RS. Then on the Angu- 
lar point R, (by the 11th Problem) make the Angle VR S, equal to the given Ang!e 
T, and draw the contatning fide R V, till it cut the obſcure Line min V. Laſtly, 
draw the Line VS; ſo ſhall you have a new Triangle V RS, whoſe Baſe. R S, and 
Altitude V », are cqual to thoſe of the given Triangle QR'S, but the Angle at the 
Baſe equal to the given Angle T. Which was, &c. 


XXXIV. Two Triangles of different kinds and Altitudes-being given to reduce 
them both to one Altitude. 


Let the the two given Triangles be ABC, and CE D, the Altitude of A B C being Figure 
An, and the Altitude of CE D being Er; and it is required to reduce the Triangle XXX1V. 


CE D, to th: Altitude of the Triangle ABC, the Triangle CE D ſtill retaining the 
ſame quantity. Through the vertical Angle A of the Triangle ABC, draw the occult 
Line 00 Parallel ro the Baſe B C: Then extend the fide CE of the Triangle C ED, 
till ir cut the obſcure Line 00 in F, and from F to D, draw the occult Line F D: 
Then through the Point E, draw the. obicure Line E G parallel to F D, (by the 1oth 
Problem.) Laſtly, draw the Line F G, and you ſhall have conſtituted a new Triangle 
CFG equal to C ED, and of equal Altitude with the Triangle ABC. Which was, &c. 


XXXV. How to make a Triangle which ſhall be equal to a Trapezia given. . 


La HIK L be a Trapezia given, equal whereunto It is required to make a Trian- Figure 
. gle. Extend one fide of the Trapezza at liberty, as the fide K L. Then draw the Dia- XX XV. 


gonal Line K 1, and Parallel thereto (by the 10th Problem) through the Point H, draw 
the obſcure Line HM, cutting the former ſide of the Trapezia K L, extended in M. 
Laſtly, draw the Line LM, and you ſhall have a Triangle-l M L, equal to the given 
Trazezia HI KL Which was, &Cc. 


XXXVI. ow to make a Triangje , which ſhall be equal to an irregular Figure of 
5, 6, or 7 ſides. | 


LaNOPQR, be an irregular Figure of five ſides, and it is required to make a Figure 


Triangle which ſhall be equal in quantity thereunto, 
regular Figure given (as here PQ) on both ſides at pleaſure, to c and d. Then from 
the Angle N, (oppolite to the extended ſide PQ) draw the two obſcure Lines N P, 
and N Q: Alſo (by the 10th Problem) through the Angular Points O and R, draw the 
two obſcure Lines OSandR T, parallel toNP and NQ, curting the extended {ide 
PQ in the Points Sand T. Laſtly, draw the Lines N SandN T ; ſo ſhall you have 
a Triangle NS T, equal in quantity to the irregular five ſided Figure NOPQR. 
Which was, &c. | L 

The ſame may be done for Figures of lix, ſeven, or eight ſides, or more, by often re- 
peating of the ſame Work. | 


XXXVII. Between two right Lines given, to find a mean Proportional Line. 


Fxtend any one ſide of the ir- KXXVLI. 


Let the two given Lines be A and B, between which it is required to find a third Figure 
Line, which ſhall be a' mean Proportional between the Line'Aand the Line B., Draw XXXVIL 


aright Line at Pleaſure, as the Line C F. Then take the length of the given Line A in 
jour Compaſlles, and ſet it from F to E: Alſo take the other given Line Bin your 
Compalles, and ſer it from E to C; ſo is the given Line CF, equal to both the given 
Lines A and B, (the Foint of joyning of the two Lines being the Point E.) This done, 
(by the 1ſt or 2d Problem) divide the Line CF, in two equal parts in D, and upon 
D, 33a Centre, with the diſtance D C, or DF, deſcribe the obſcure Semicircle CG F. 
Liltly, from the Point of joyning of the two given Lines A and B, namely, from the 


Point E, (by the 3d Problem) erect the Perpendicular E G, cutting the: obſcure Se- 
4a: H 


micircle 
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micircle in G ; ſo ſhall the Line E G be a mean Proportional between the two given 
Lines A and B. Which was, &c. | | 
A Mean Proportional Line is ſuch a Line whoſe length being multiplied in it ſelf, the Pro. 
dutt thereof ſhall be equal to the Produtt of the other iwo Lines, they being multiplied 
one by the other. So the given Line A being 4, and the given Line B being g, the 
mean Proportional between E G, will be found to be 6. Now the Mean Propor. 
tional 6, being multiplied in it ſelf, produceth 36. And the two given Lines, A , 
and B 9, being multiplied in each other, produce 36, alſo. 


XXXVIIL How to make a Geometrical Square which ſhall be equal to a Tri. 
angle given. 

Figure Let the Triangle given unto which a Geometrical Square is to be made equal, be the 
XXXV11T, Triangle HI K. Extend the Baſe of the Triangle IK at liberty towards P : Then 
from the vertical Angle H, (by the 6th Problem) let fall the Perpendicular HQ, 
which (by the 1ſt or 2d.Problem) divide into two equal parts in R, between IK 
the Baſe, and QR half the Perpendicular, find a mean Proportional (by the 37th Pro- 
blem) by makipg K L equal to QR, and dividing I L into two equal parts in M, and 
upon M as a Centre, at the diſtance MI or ML, deſcribing the obſcure Semicircle, 
INL: Then'from the Point of joyning K, erett a Perpendicular (by the 3d Problem) 
toIL as K N, cutting the obſcure Semicircle ILNin N. So ſhall KN be the Mean 
Proportional, and ſhall be the ſide of the Geometrical Square ſought. Wherefore, if 
(by the 16th Problem) you make a Geometrical Square of the Line KN, asNOKP, 

that Square ſhall be equal in quantity to the given Triangle HI K. Which was, &c. 


XXXIX. To make a Geometrical Square equal to a given Parallelogram or lon, 
Square. 


Figure Let V WST be a Parallelogram given, unto which a Geometrical Square is to be 

XXXIX, made equal. The length of the Parallelogram is S T, take the breadth thereof $ V, 
and ſet it from T to Z. Then (by the 1ſt or 2d Problem) divide the Line SZ, in 
two equal parts in X, and upon X at the diſtance X S or X Z, deſcribe the obſcure 
Semicircle SABZ: Then from the Point of jyning of the two ſides of the Paralle- 
logram together, T, ereCt the Perpendicular T B, till it touch the Semicircle in B; fo 
is TB a Mean Proportional Line, between the length and the breadth of the given Pa 
rallelogram, and 1s the fide of a Geometrical Square, equal to the Parallelogram ; 
ſo the Geometrical Square ABY T, is equal to the given Parallegram ST V W. 
Which was, &Cc. 0 


XL. To make a Geometrical Square, which ſhall be equal to the Rhombus g# 
Ven. | | 


Figure Let CDEF bea Rhombus given, unto which a Geometrical Square is to be made equal: 

XL. A Mean Proportional Line between the ſide of a Xhombus, and the Alticude or Perpen- 

dicular of a, &hombas, ſhall be the ſide of a Geometrical Square equal to that Khombns. 

Continue one ſide of the given Rhombas, as E F, at liberty towards L, then take the - 

length of the Perpendicular D H, and ſet it from F to M. Then divide EM into two 

equal parts in G, and. upon G with the diſtance GE or GM, deſcribe the Semicircle 

EK M, and from the point of joyning the ſide and Perpendicular of the Rhombus toge- 

ther, namely from F, ereCt the Perpendicular F K, .to touch the Semicircle EK L in 

K; fo is FK the Mean proportional between the ſide and perpendicular of the 

Rhombus. The Square made thereof KI LF, is equal to the given Rhombus C D EF. 
Which was, &C. | EL 


XLI. To make a Geometrical Square equal ta a Rhomboyades grven. 


Figure Let the Rhomboyades unto which a Geometrical Square is to be made equal, be 
XLI. NOPQ, anda mean Proportional between the length of the Rhomboyades ahd the 
Perpendicular , ſhall be equal to the ſide of the Square, and may be thus found. 
Continne the ſide of the Xhomboyades Þ Q at Pleaſure, then take the length of the Per- 
pendicular O X, and ſet it from Q toR. Then divide the Line PR, (which is the 

| length of the ſide, and the Perpendicular of the Rhomboyades added together, by the 

iſt or 2d Problem) in two _ parts in Z, and upon Z, as a Centre, at the diſtance 

Z P, or ZR, deſcribe the obſcure Semicircle P TR. Then if from the point of of 

in 
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ins Q, (by the third Problem) you erect a Perpendicular till it crouch the obſcure Cir- 
cle, as QT, the Line Q T ſhall be the ſide of the Geometrical Square S T V Q, which 


is equal to the given KLomboyades N O P Q. Which was, GC. 


XLIl. To make a Geometrical Square, equal to a Trapezia given. 


Let the Trapezia A B C D be given, and let a Geometrical Square be to be made equal Figure 
thereunto: Now a Mean Proportional between the longeſt Diagonal of the T; rapezid, XLIL 
and ha'f of the two Perpendiculars being added together, ſhall be equal ro the ſide of a 
Geometrical Square, equal to the Trapezia, which may be thus found. Through the Tra- 
pezia draw the longeſt Diagonal, as BD, and continue it at Pleaſure towards E : Then 
from the Points A and C (by the'sth or 7th Problem) ler fall the two Perpendicular 
AF and C K, upon the Diagonal B D. This done, add the two Perpendiculars A F 
and C K together in one Line, and take the half thereof, which ſer fromDto E; then 
divide BE into two equal parts in L, and upon Lat the diſtance LB, or LE, delcribe 
the obſcure Semicircle B HE: Alſo upon the Point of joyning the Diagonal and half 
the Perpendiculars together, namely, from the Point D, (by the 3d Problem) ere 
the Perpendicular, extending it till it cut the obſcure Semicircle in H ; ſo ſhall DH be 
the fide of a Geometrical Square, I H K D, equal to the given Trapezia, A BCD. 


Which was, GC. | 


XLIII. Zo make a Geometrical Square which ſha#l be equal to a regular Pol ygon, of 


any Number of fides given. 

Let the regular Polygon given, be .the Pentagoyw MN OPQ, unto which a Geome- Figure 
trical Square is to be made equal. Now a Mean Proportional between half the Peri- XL111. 
metre of the Polygon, and a Line draw-from the Centre of the Polygon, Perpendicular 
to the midgle of of the ſides, ſhall be equal ro the ſide of a.Geomerrical Square, 
which ſhall be equal to the given Polygon. From tie Centre of the Polygon R (by the 
6th Problem) let fall the Perpendicular RS, upon the fide OP, which fige of the Po- 
hon O P, continue at pleaſure towards W. Now the length of two ſides and half a 
fide of this Polygon given, (it conſiſting of five equal ſides) is half the Perimetre; which 
ſet from S to V, and take the Perpendicular R S, and fer it from V to W, dividing 
the Line S W into two equal parts in T; upon which Point T, at thediſtance TS, 
or T W, deſcribe the oblcure Semicircle SZW ; and from the Point of joyniag, P, 

(by the 3d Problem) erect a Perpendicular, extending ir from V, till it cut the obſcure 
Semicircle in Z ; ſo ſhall Z V bz the ſide of the Geometrical Square V X Y Z, which 
Geometrical Square is equal to the given regular Polygon, ( being the Pentagon, ) 


MNOPQ. Which was, &c. 


XLIV. To make a Geometrical Square which ſhall be equal to two other Geometri- 
cal Squares given. ; 

Let the two given Squares be A and B, unto which a third is to be niade equal to Figure 
both the given Squares. Draw a Line at hberty, as D E, and upon the end E (by the XL1V- 
gth or 5th Problem) ercCt the Perpendicular E C; fo ſhall the Angle CED, be a right 
Angle, Then in your Compaſſes take. the length of the fide of the given Square A, 
and ſet it from Eto F; alſo take the ſide of the Square B, and ſet it from Etro G, and 
draw the Line F G; upon which Line deſcribe the Geometrical Square F G H K, which 
ſhall be equal to the two given Squares A and B. Which was, &c. 

Note, That if from the right angular Point E, a Perpendicular be let fall upon the Line 
FGroL, and extended toM; the Line ML, ſhall divide the Geometrical Square 
FGHK, into two Parallelograms or long Squares, HGML, and ML KF, of which 
the Parallelogram F H M L, ſhall he equal to the given Square A, and the Paralk- 
logram M LK G equal to the given Square B. 


XLV. To make a Geometrical Square which ſhall be equal to 1, 4, or 5 ether Geo- 
metrical Squares. 
Let NOPQ, be the ſides of four Geometrical Squares given, and it is required to Figure 
make one Geometrical Square which ſhall be equal to all thoſe four. Firſt draw two XLV, ; 
Lines at liberty, as RS and S T, making a right Angle at S: Then take in your Com- 
palles the fide of the given Square N, and ſer it from S to V, and the fide O, ſet 


rom 5 to W ; ſo ſhall SW be the ſide of the Squarg WDEYV, equal to the two 
; Nn2 | Squares 
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Squares of N and O. Sccondly, take the fide of this new Square V W, and ſet it from 
Sto Y; alſo take the fide of the Square P, and ſet it from Sto X, and draw x y 
the ſide of the Square Y F XG, which is equal to the three Squares of NO and p 
Thirdly, take the Line X Y, the ide of the laſt Square, and ſet it from S to A: Alfo 
take the ſide of the given Square Q, and ſer it froms to Z, and draw the Line ZA; 
ſo ſhall the Square made of Z A, namely, A BC Z, be equal to all the four Squares 
made of the four given ſides NO P Q, Which was, &c. | 
Note, That which is ſaid in this and the laſt Problem concerning Geometrical Squares, the | 
ſame is tobe underſto94 of Circles ;, for if the four Lines, N, O,P, Q, had been the Dia. 
tres of four Circles, and you had dealt with them as you aid with them above as Squares, 
you would then have found the Line A Z the ſame, and it would be the Djametre of « 
Circle, equal to all the four Circles deſcribed on the Diametres NO PQ. | 


XLVI. 4 Geometrical Square being given, to augment the fame to a Double, Qu. 
druple, Oftuple, &c. Proportion. 


Figure Let K LMN be a Geometrical Square to be augmented to a 16th Proportion. Firſt, 
continue the ſides K L and K M, ar pleaſure towards H and I, and alſo draw the oh- 
ſcure Diagonal K N, extending it at pleaſure towards Z. Secondly, take in your Com- 
palles the Diagonal K N, and ſet it from K to O, and from K to Q, and make the 
Square OPKQ, which will be double to the Square given. Thirdly , take tte 
Diagonzl K P, and ſer it from K to R, and from K to T, and make the Square 
RSTK, which will be four times as big as the given Square. Foucthly, take the 
Diagonal K S, and fer it from K to V, and from K to X, and make the Square V W X K, 
which will be eight times as big as the given Square. Laſtly, take the Diagonal K W, 
and ſet it from K to Y, and from K to X, and deſcribe the Square Y Z XK, whict 
will be ſixteen times as big as the given Square K LM N. Which was, &c. 
Note, here (as in the former Problem) that what $s here ſaid concerning the ſide of 
Geometrical Square, the ſame ts to be underſtood of the Diametre of a Circle, as by the 
next Figure doth appear, where a Circle 1s augmented to ſaxteen times its bigneſs. 


XLVII 7wo Geometrical Squares of unequal bigneſſes being given, to take the 
Leſſer of them out of the Greater, and to give the Remainder in a thin, 


Geometrical Square. 


Figure The two Squares given are ABCD the greater, and EFGH the leſſer, and is te 
XLV1I, be taken out of the greater, and the remainder to be left in a third Square. Drai 
two Lines LK and K1, making a right Angleat K. Then take the ide of the leſſer 

Square EF GH, and ſet it from K toN: Alſo take the fide of the greater —=_ 
ABCD, and ſetting one foot in N, with the other make an obſcure mark, crols the 

Line L K, as at M, and (if you pleaſe) draw the Line MN, the fide of the greatet 

glven Square. Laſtly, take the diſtance K M, and ſer it from B to P, and from B tc 

| Q, and make the Square PBOQ, which ſhall be the third Square remaining. The 
Gnomon AO D, being equal to the leſſer given Square EF GH. Which was, &c. 


 XLVIIL Several 7: riangles of ſeveral forms being given, how to make one Triang 
which ſhall be equal to them all. 


Figure Let the three Triangles ABC, CDE, and EF G, be three Triangles of differen 
XLVY1IE. kinds given, unto which one Triangle is to be made, which ſhall be equal to then 
all. Through the verticai Angle A, of the given Triangle A BC, (it being the Tri 
angle that hath the greateſt Alritude of the three,) draw the obſcure Line in mz »: Ther 
(by the 34th Problem) reduce the other two Triangles into two Triangles of th 
ſame Altitude with the Triangle ABC: So ſhall the Triangle CDE be reduced in 
to the Triangle KHE, and the Triangle EF G into the Triangle M LG, all three © 
the ſame Altitude. Now join the Baſe of all theſe three new Triangles together i 
one, as is done in the Scheme ; ſo ſhall the Triangle ABC, be equal to it telf; th 
Triangle CHE, equal to the Triangle KHE; the Triangle E LG, equal to the Tr 
angle M L G, all of the ſame Altitude, the common Baſe to them all being B G. No! 
two Lines being drawn from the two Points, B and G, (which are the two extreme enc 
Gf all the Baſes of the three .new Triangles joined together,) unto any part of the ot 

ſcure Line 0p, as to S, there ſhall be a Triangle made BS G, which ſhall be equal 


| all the other three, and fo conſequently to the three Triangles given. i 
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In like manner, lf a Line had been drawn from A to G, the Triangle BAG would 


| have been equal ro all the three given Iriangles: Alſo two Lines drawn from L to B 

and G, it would make a Triangle LB G, which would be alſo cqual to the three Tri- 
angl-s given and fo infinite others might be made by Lines drawn from B and G, to 
zny Point in the Line op. Which was, &c, 
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' NLIX. A Triangle being given, to make another T, rtangle equal thereunto, whoſe 
B.iſe, or Perpendicular, ſhall be limited. 


Let the given Triangle be ABC, and it is required to make another Triangle equal Figute 

thereunto, whoſe Perpendicular ſhall be equal to the Line F. XLIX; 
Take the Line F in your Compalles, and with that diſtance draw the Line'E K, pa- 

rallel to the Baſe AB, cutting the Line ACinE; then draw the Line EB, and extend 

the Baſe A B cowards L : Alſo through C draw a Line parall:l to the Line EB, as CD, 

cutting the Baſe AB, extended, in D: Laſtly, draw the Line E D, which ſhall conſti- 

tute the Triangle AE D equal to the Triangle ABC, whoſe Perpendicular E H is equal 

to the given Line F. Which was, &c. 


L. 2pon 4 rizht Line given, to deſcribe a Pentagon. | 


Let AB be the Line given. Firſt, take the Line AB in your Compaſſes, and ſet- Figute 
ting one foot in A, with the other deſcribe the Arch BDF, and upon A ered the Per- L. 
peadicular AC, cuiting the Arch in C: Then divide the Arch B C into five equal parts 

2t 1, 2, 3, 4» 53 and at the end of them, viz. at D, draw the Line AD: Then divide 

the Line B A into two equal parts, at right Angles in O, by the Line OE, cutting the 
LneADin E: Then upon E, as a Centre, deſcribe the Circle ABEGH, and draw 

the Lines BH, HG, GF, and FA, conſtituting the Equilateral Equiangular Pentagon, 

upot; the given Line A B. Which was, &c. | 


LI To find out two right Lines, which ſhall have ſuch Proportion one'to the other 
as two Squares bave. _ 


Suppoſe the two Lines A and B to be the Sides of two Squares, and let it be requi- Figute 
red to find two right Lines, which ſhall have ſach Proportion one the other as the LI; 
Squire made of the Line A hath to the Square made of the Line B. 

Firſt, make the two Lines A and B to be the Baſe and Perpendicular of a right-angled 
Ttiangle, by making the Baſe DE equal to the Line A, and the-Perpendicular DC 
equal to Bz this done, draw the Line CE, and from the right Angle D ler fall a Per- 
peadicular to CE, as DF, dividing the Baſe CE into two parts, FjC and FE; which 
wo Lines FC and FE have ſuch Proportion one to another, as the Squares made of 
the given Lines A and B ſhall have one to another. IVhich was, &C. 


LIl. 7o cut off a part from an Ioſceles Triangle, with a Line drawn parallel to 
the Baſe thereof, ſo that the Line parallel to the Baſe, and the two Seg- 
ments of the Legs, cut off by the parallel Line, ſhall be all three equal. 


LetABC be an J/celes, and let ir be required to draw a Line DE, parallel to the Figure 
Baſe BC, which parallel DE ſhall be equal to either of the Segments of the Legs cut 111, 
off, DBand E C. 

By the twelfth Problem divide the Angle A BC into two equal parts, by the Line BF, 
cutting the Leg (or Side). of the Triangle AC in E; alſo divide the Angle ACB into 
wo equal parts by the Line CG, cutting the Side AB in D; then draw the Line DE 
Which thall be parallel to B C, and alſo equal to DBand EC. Which was, &c. 


LIN. Between Tivo [7] ven Right Lines to find a Third in Proportion to them. 


Let Aand B be two Lines given, and let a third Line be required, which ſhall be in Figure 
Portion to them. Lit. 
Draw two right Lines, as CD and DH, making any Angle, as the Angle CDH ; 5 
then take the Line A, and ſet it from Dto E; alſo, take the Line B, and ſet it from 
DtoF, and from D to G, and draw the Line EF; then through the Point G draw a 
Line parallel to E F, as GK; fo ſhall DK be the third proportional Line to the Lines 
aankB, Which ws, Kc. For, A 
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As DE, equal to A 44 
Is ro D F, equal to B6, 
So is DG, equal to B6, 
ToDK, equal to g. 


LIV. Between Three given right Lines, to find a Fourth in Proportion to them. 


Let A, B, C, be three Lines given, and let a fourth (as D) be found in Proportion 
to them. 

As in the foregoing Problem, ſo in this, make any Angle at pleaſure, as the Angle 
EFG; then take in your Compalles the Line A, and ſet it from F to H; ſer alſo the 
Line B from F to 1, and draw the Line HI; then take the Line C, and ſet it from & 
to K, (always upon the ſame Line that the firſt Line A was ſet upon;) then through 
the Point K, draw the Line K L, parallel to HI, cutting FEinL: So ſhall FL be tte 
fourth Proportional. Which was, &c. For, : 

As FH, equal to A iz, 
Isto Fl, equal to B 14, 
Sois F K, equal toCis, | 
ToFL, equal to D21. | | | 
Theſe two laſt Prablems doe the Work of the Golden Rule of Proportion in Lines. 


LV. To divide a Line given into two Parts, which ſhall be in Proportion one to 
the other, as two given Lines. | 


Let AB be a Line given to be divided into two parts, which ſhall have Proportion 
one to the other as the Line C hath to the Line D. 

From the end of the given Line A draw a Line AH at pleaſure, making the Angle 
HAB; then take in your Compaſlles the Line C, and ſet it from AtoF; allo, take the 
Line D, and ſet it from Fto E, and draw the Line E B; then through the Point F, 
draw the Line FG, parallel to E B, cutting the given Line AB 1n the Point G; ſo is 
the Line AB divided in the Point G into two parts, AG and GB, which are in Pro- 
portion one to the other as the Line C is to the Line D. Which was, &c. For, 

As AF, equal to C 20, 

Is to FE, equal to D 30, 
Sois AG 16, 

To GB 24. 


LVL Between two right Lines given, to find two mean proportional Lines. 


Let the two Lines given be A and B, and it is required to find two mean proportional 
Lines betwen them. | | 

Firſt, Draw a right Line at pleaſure, as CM, and at the end C ered the Perpendicular 
CL; then take the Lire A, and ſet it fromCto D; and the Line B, from Cto E, and 
draw the Line E D, which divide into two equal perts in F ; upon which Point (as a 
Centre) deſcribe the Semicircle EGD; then take the leſler Line B, and ſetting one 
foot of the Compaſſes in D, with the other croſs the Semicircle in G ; to this Point G 
apply a Ruler, moving it up and down upon that Point, till the Ruler, being ſo moved, 
do cut the two Lines, CL and CM, in the Points H and K, at equal diſtances from F: 
So ſhall EH and DK be the two mean proportional Lines. Whics was, &c. 


 L'VII. To divide a Line in Power according to any Proportion given. 


Figure 
LVII. 


Let CD be a Line given, to be divided in Power as the Line A is to the Line B. 
By the 55th Problem divide the Line CD in E, as the Line A is to the Line B; then 


will ED (the leller part) be to A, (the leſſer Line,) as CE (the greater part) is to B, 


(the greater Line;z) then upon the given Line CD deſcribe the Semicircle CFD, 
and from the Point E ereCt a Perpendicular to-cut the Semicircle in F ; then draw 
the Lines CF and FD, which together in Power ſhall be equal to the Power of the gi- 
ven —_— and in Power one to another as the Line A is to the Line B. Which 
Tas, &C. 


LVIIL 7o enlarge a Line in Power according to any Proportion aſſigned. 


Let (in the former Figure) CE be a Line given to be inlarged in Power as the Line 
B is to the Line G. 
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By the 54th Problem enlarge the Line CE in Proportion as B to G; that is, as B is 
toG, fois CEto CD: Upon the Line CD deſcribe the Semicircle CF D, and upo 
E erect a Perpendicular to cut the Semicircle in F; then draw the Line CF, whic 
hall be in Power to CE, as the Line G to the Line B, Which was, &c. 


LIX. 7o diminiſh or enlarge a Plot, or Figure given, according to any Proportion 
aſſigned. | 

Let ABCDE be a Plot or Figure given, to be diminiſhed (or made leſs) in ſuch 

Proportion as the Line Lis to the Line K. | 

By the 57th Problem divide one of the Sides of the Figure, (as the Side'AB,) in 
Power as L to K, 1o that the Power of AF may be to the Power of AB, as L to K. 

Firſt, From the Angle A draw Lines to the other Angles C and D; then through the 
Point F draw. a Parallel to BC, tocut AC in G; alſo through G, draw a Parallel to 
CD, as GH, cutting CD in H; laſtly, through H draw a Parallel co DE, as H 1, cot- 
tingAE in 1: So ſhall the Plot AFGHI be like the Plot ABCDE, and in Propor- 
tion to it as the Line L is to the Line K. Which was, &c. 

But if the Plot or Figure AF GH | had been given, and it had been required to en- 
large the ſame in Proportion as K to L, then you mult increaſe the Sides AF and Al, 
and draw the Lines AG and & H, increaſing them alſo: Then ( by Þroblem 58.) you 
muſt enlarge in Power the Line AF as K to L, which ſet from A to B, and through B 
draw a Line parallel to F G, till it cut the Line AG extended in C: Then through 
C draw a parallel Line to GH, cutting the Line A H extended in D; alſo through D 
draw a Line parallel to HI, cutting the Side Al extended in E : And fo ſhall you have 
incloſed the Plot or Figure ABCDE like unto the Figure AFG HI, and augmented 
in Proportion thereunto as the Line K is to the Line L. Which was, &c. 


IX. Upon a Line given to deſcribe a Figure like unto a Figure grven. 


In ABCDE be a Figure given, and let FG be a Line given; upon which Line 
it is required to deſcribe a Figure like unto the Figure ABCDE, having all its Sides 
and Angles proportional. 

Extend the Baſe Line AE of the Figure, on both Sides, as to H and I; then ſetting 
one foot of the Compaſſes in E, deſcribe the Arch IKL Mz alſo, ſet one foot in A, and 
with the other deſcribe the Arch HN OP; which done, lay a Ruler on the Angle A, 
and every of the Points E, D, C, B; and mark upon the Arch the Points H, N, OP: 
Alſo, lay a Ruler to 'the Angle F, and every of the Points A, B, C, and D, and mark 
upon the Arch the Points I, K, L, M: Then with the diſtance EI, or AH, ſetting one 
foot of the Compaſſes in F, deſcribe the ArcchQRST; alſo, ſetting one foot in G, 
deſcribe the Arch VWMXY : Then laying a Ruler to the Point F, and every of the 
Points R, S, T, draw the occult Lines FR, FS, FT: Alfo, lay a Ruler to the Poinc 
G, and every of the Points W, X, Y, drayy other occult Lines, croſling the former in the 
Points 1, 2, 3 : Laſtly, draw the Lines F1, 1.2, 2.3, 3G; you ſhall include the Fi- 
gire F 1, 1.2, 2.3, 3 G, like and, proportional to the Figure ABCDE, as the given 


LineFG is to the Line AE of the greater Figure. Which was, &c. 


IXL Within a Triangle, to inſcribe a Parallelogram, whoſe Sides ſhall have ſuch 
Proportion one to the other as two Lines grven. 


lit ABC bea Triangle given, in which a Parallelogram is to be inſcribed, whoſe 
Mdes ſhall have ſuch Proportion one to the other, as the Line D hath ro the Line E. 

At the diſtance of the Line D draw a Parallel to the Baſe AC, as FG, cutting the 
MeABin F: Then take the Line E, and ſet it upon the Parallel from F to G; and by 
Gdraw a Line parallel to the Side BC, as HI, cutting AB in H: Then (by the 54th 
Problem ) the Proportion will be, AS AH is toAF, ſo iS ABto AK ; from which 


———_———__ 


Figure 
LIX. 


F Zeure 
LX. 


Figure 
LXI. 


Point K ler fall a Perpendicular to the Baſe AC, asK L; alſo from K draw a Parallel 


WAC, as KM: Laſtly, draw MN parallel to K L : So ſhall you include the Paralle- 
logram LK MN within the Triangle ABC, whoſe Sides K L and MK have ſuch Pro- 
Portion one to the other as the Line D hath co the Line E. Which was, &c. 


LXIT. 7o divide a Line by Extreme and Mean Proportion. 


Let AB be a Line given to be ſo divided. Extend the given Line A B towards C, 


ad upon the Point A erect the Perpendicular A D, equal to A B then take half —_ 
an 


Figure 
LX1L. 
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Figure 
L XIII. 


- Figure 
LXIV. 


Figure 
LXV. 


Figure 
LXVI. 


and ſer it from A towards C, and it will terminate in E; then ſetting one foor of the 
Compaſſes in E, extend the other to D, and deſcribe the Arch D G, cutting the Line 
ABinG : So ſhall the Line A B be divided by extreme and mean Proportion in the 
Point G; AG being the greater, and B G the leller Segment thereof. Which was, &c. 


LXIl. Two Points within a Circle being given, to find the Centre of the Arch of 
a great Circle which ſhall paſs through thoſe two Points, and alſo divid; 


the Circumference of the Circle into two equal Parts. 


Let GBHD be a Circle given, whoſe Centre is C, and the two Points through 
which the Circle is to paſs be X and Y. : ; 

Firſt, Through one of the Points X, and the Centre C, draw a right Line X C, ex. 
tending it towards F 3 upon this Line, from the Centre C, erect the Perpendicular C B, 
and draw B X, extending it till ir cut the Circle in G ; through which Point G and the 
Centre C, draw the Diametre G C H. ; SER 

Secondly, Through the Points B:and H draw the Line BH, extending it till it cut 
the Line XF in the Point R; ſo have you three Points R, Y, and X, through which 
(by the 23d Problem) draw the Arch of a Circle AXYL, whoſe Centre will be at K; 
and this Arch will divide the given Circle in two equal parts 1n the Points A and L; 
for a right Line drawn from A to L will paſs through the Centre C. Which was, &c. 


LXIV. From a Point aſſigned without a Circle, to draw a Line which ſhall cut off 
an Arch of the Circle, whoſe Chord ſhall be equal to any Line given, 
leſs than the Diametre of the Circle. wy 


. Let A be the Circle, and let B be a Point without the ſame Circle, from which 
Point it is required to cur off an Arch of a Circle, whoſe Chord ſhall be equal to the 
Line C.- - 

Take in your Compaſſes the length of the Line C, and ſet it any where upon the 
Circumference of the given Circle, as from Dto E, and draw the Line DE at length: 
Then from B draw a Line to the Centre of the Circle, as BG; and with the diftance 
BG, upon the-Centre G deſcribe the Arch BF, cutting the Line DE (extended) in F: 
Then take F D in your Compaſles, and ſetting one foot in B, with the other croſ; 
the Circumference of the Circle.in H : Laſtly, draw the Line B KH, which cutteth 


off the Arch of the Circle K L H, whoſe Chord K H is equal to the given Line C. 


Which was, &Cc. 


LXV. 7o draw a right Line, which ſhall touch a Circle in a Point aſſigned. 


Let ABC be the Circle. given, and let A be that Point in the Circumference by 
which the touch Line is to be drawn. | 

From the Centre of the Circle, ,and through the aſſigned Point A, draw a Line DAF: 
Upon A erect a Perpendicular to D F, as A LTD prolong to l ; ſo ſhall the Line 
HAI touch the Circle in the given Point A. Which was, &c. , 


LXVI. Zpon a right Line given to deſcribe a Segment of a Circle, which ſhall 
be capable to receive an Angle equal to an Angle given. 


Let AB bea Line given, upon which to deſcribe a portion of a Circle, capable to 
receive an Angle equal to the Angle C. 

Upon the Point A make the Angle BAD, equal tothe given Angle C, and alſo 
upon the Point A erect the Perpendicular AE; then divide the Line A B into two 


> equal parts in H, and upon H erect the Perpendicular HF, cutting AE in F: Then 


Figure 
LXVI.. 


upon F (as a Centre) and at the diſtance F A, or AB, deſcribe the Segment AK SLB: 
SO ſhall all the Angles that can be drawn upon the Line A B within that Segment be 
equal. to the given Angle C, as the Angles AKB, ASB, ALB, and infinite others. 
Which was, &c. 


LXVII From aCircle given to cut off a Segment, capable to contain an Aw 
equal to an Angle given. 
Let ACEST be the Circle given, from which to cut off a Segment capable to re- 
ceive an Angle equal to the Angle D. | 
Draw the Semid:ametre B A, and to the Point A draw the touch Line AF, perpen- 


| dicular co BA: Then make the Angle FAC equal to the Angle D, and draw the Line AC, 


cu*ting 


: 


* Which was, &C. 
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entting the Circle it C: Then ſhall all the Angles deſcribed upon the Line AC withim 
the Segment AEST ©, aS AEC, ASC, ATG &c. be all equal to the given Angle D.- 
: ry. PETE 0 | wig? big nol IP, 


Which was, &c. 


LXVIIL. Within a Circle to inſcribe a Triangle whoſe Angles - ſhall be equal: fto:'a 


TriangJe given. F To AS 
Let ABC be a Circle given; within which s LIOO0 is to be drawn whoſe Angles 
{tall be equal to the Angles of the given Triangle DEF, © F 
Firſt draw'a Touch-line GA H, touching” the Circle: in the'Point Az upon which 
'Toint A deſcribe a Semicircle GK LH, and make theAngle GAK, equal tothe Angle 
D; alſo make the Angle HAL, equal to the AngleE : tlyy draw the Lines AK B 
and ALC; fo ſhall the Triangle ABC be like and equiangt'to the given: Triangle 
DEF. Which was, &C. , EE] 2: ib go 03-H1 24. 10-617 


- the Line A is to the Line B, mew 


By the 55th Problem, divide the Baſe of the Triangle OP into two Parts, in pro- 
portion one tO the other, as the Line A is to the Line B, -which will 'be in the Point R : 


' Aline drawn from N to R ſhall divide the Triangle into two Triangles, NOR and 


NRP, which ſhall be in proportion = - _ other as the Line A is to the Line B. 
ervvite,” pa 3-36 | 
Let the Triangle given be ſuppoſed to be a Piece of Land containing 7 Acres, and it 


- required to cut off from it 3 Acres, to lie towards the Angle Q, and to leave 4 Acres 


ing next the Angle Þ, and let the Line, or Hedge, of ſeparation be drawn from the 
zleN. From O, one end of the Baſe of the Triangle, draw a Line at liberty, as 


Q, at the 


ſpend to any fall diſtance, run that diſtance ſeven times along the Line 


Points 1, 2, 3, &c. and from the ſeventh Point draw the obſcure Line-7 Þ : Then (be- 


quuſe 3 Acres are to be cut off next to O) count, 3 from Q, at the Point, 3, and through 


- the Point 3 (by the 10th Problem) draw a Line Parallel to P 9,.as the Line 3 R, cut- 


ting the Baſe of the Triangle in R: A right Line drawn, from N to R ſhall divide 
the Triangle NOP into two Triangles, of which the Triangle N O R ſhall contain 
Three Acres, and the Triangle N R Þ Four Acres. Which war, &6, ' .\ 


IXX. To divide a Trapezid into two Parts, according to any Proportion given, 
by a Line drawn from a Point given in any of the Sides thereof. 

Let ABCD bea Trapezia given to be divided into two parts,in-Proportion one to the 

her,as the Line L is to the Line M,by a Line drawn from the Point LE,in the ide A B. 

Firſt (by the 35th Problem) reduce the Trapezia A B CD, fromthe Point E, into 


- the Triangle EF G. Then (by the 55th Problem) divide the Baſe of the Triangle 
* into two parts in Proportion, as L to M, which Point of Diviſion will be in K; from 


E draw the Line EK; ſo ſhall the Trapezia A B C D, be divided into two Trapezias, 
AECKR, and EBKD, which ſhall be in Proportion to pne another, as the Line L, is 
to the Line M. Which was, &c. | 

| Otherwiſe, 

Suppoſe the Trapezia ABC D to be a piece of Land containing 9 Acres, and it is re- 
Qurred to cut off 3 of them to lie next to the Hedge A C, and 6 towards the Hedge BD, 
bya ſeparating Line or Hedge drawn from E, in the ſide AB. Extend the ſide of the Trape- 
Us CD, (which is oppoſite to the given Point E,) on both ſides at liberty towards F and 
G, and from the given Point E, to the two 6ppoſite Angles of the Trapezia, Cand D, 
draw the two obſcure Lines EC and E D, and through the other two Angular parts of 
lie Trapezia A and B, (by the 10th Problem) draw two other obſcure Lines parallel 


|, PECandeE D, as AF and BG, cutting the fide of the Trapezia extended in the 
* Points F and G; ſo drawing the two Lines E F, and EG, the T Foo ABCD is re- 


Luced into the Triangle EFG. Then from F, the end of the Baſe of this new Trian- 
gle, draw the Line & H at liberty, making any Angle with the Baſe of the Triangle 
 G, Upon which Line (with any ſmall diſtance of the Compaſſes) run nine times at 
he Points 1, 2, 34, &c. And from the Point 9, draw the obſcure Line 9 G, and 

Oo . through 
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-0Q, making any Angle with the Baſe of the Triangle OP : Then the Compalles being * 
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and ſer it from A towards C, and it will terminare in E; then ſetting one foot of the 
Compall:s in E, extend the other to D, and deſcribe the Arch D G, cutting the Line 
AB inG : So ſhall the Line A B be divided by extreme and mean Proportion in the 
Point G; AG being the greater, and BG the leller Segment thereof. Which was, &c 


LXIHL. 7wo Points within a Circle being given, to find the Centre of the Arch of 
a great Circle which ſhall paſs through thoſe two Points, and alſo diviq. 
the Circumference of the Circle into two equal Parts. 


Let GBHD he a Circle given, whoſe Centre is C, and the two Points through 
which the Circle is to paſs be X and Y. | : 

Firſt, Through one of the Points X, and the Centre C, draw a right Line X C, ex. 
tending it towards F ; upon this Line, from the Centre C, erect the Perpendicular C B, 
and draw B X, extending it till it cur the Circle in G; through which Point G and the 
Centre C, draw the Diametre G C H, EW 

Secondly, Through the Points B-and H draw the Line BH, extending it till it cut 
the Line X F in the Point R; ſo have you three Points R, Y, and X, through which 
(by the 23d Problem) draw the Arch of a Circle AXY L, whoſe Centre will be art K; 
and this Arch will divide the given Circle in two equal parts 1n the Points A and L; 
for a right Line drawn from A to L will paſs through the Centre C. Which was, &e. 


LXIV. From a Point aſſigned without a Circle, to draw a Line which ſhall cut off 
' an Arch of the Circle, whoſe Chord ſhall be equal to any Line given, 
leſs than the Diametre of the Circle. | 


Let A be the Circle, and let B be a Point without the ſame Circle, from which 
Point it is required to cut off an Arch of a Circle, whoſe Chord ſhall be equal to the 
Line C. - 

Take in your Compaſſes the length of the Line C, and ſet it any where upon the 
Circumference of the given Circle, as from Dto E, and draw the Line DE at length: 
Then from B draw a Line to the Centre of the Circle, as BG; and with the diſtance 
BG, upon the Centre G deſcribe the Arch BF, cutting the Line DE (extended) in F: 
Then take F D in your Compaſles, and ſetting one foot in B, with the other croſs 
the Circumference of the Circle.in H : Laſtly, draw the Line B KH, which*cutteth 


off the Arch of the Circle K LH, whoſe Chord KH is equal to the given Line C. 


Which was, &c. 


 LXV. Zo draw a right Cine, which ſhall touch a Circle in a Point aſſigned. 


Let ABC be the Circle. given, and let A be that Point in the Circumference by 
which the touch Line is to be drawn. 

From the Centre of the Circle, .,and through the aſſigned Point A, draw a Line DAF: 
Upon A erect a Perpendicular to D F, as A H, which prolong to l ; ſo ſhall the Line 
HAI touch the Circle in the given Point A. Wi/hjch was, &Cc. , 


LXVI. Zpon a right Line given to deſcribe a Segment of a Circle, which ſhall 
be capable to receive an Angle equal to an Angle given. 


Let AB bea Line given, upon which to deſcribe a portion of a Circle, capable to 
receive an Angle equal to the Angle C. | 

Upon the Point A make the Angle BAD, equal tothe given Angle C, and alſo 
upon the Point A erect the Perpendicular AE; then divide the Line A B into two 
equal parts in H, and upon H erect the Perpendicular HF, cutting AE in F: Then 
upon F (as a Centre) and at the diſtance F A, or AB, deſcribe the Segment AKSLB: 
So ſhall all the Angles that can be drawn upon the Line A B within that Segment be 
equal. ro the given Angle C, as the Angles AK B, ASB, AL B, and infinite others. . 
Which was, &C. 


EXVII. From aCircle given to cut off a Segment, capable to contain an An 
equal to an Angle given. 
Let ACEST be the Circle given, from which to cut off a Segment capable to re- 
ceive an Angle equal to the Angle D. | | | 
Draw the Semidiametre B A, and to the Point A draw the touch Line AF, perpen- 


 dicular to BA: Then make the Angle FAC equal to the Angle D, and draw the Line AC, 


Cu:ting 
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- entting the Circle iti C: Then ſhall all the Angles defcribed upon the Line AC within 
AESTC, as AEC, ASC, ATG; &c. beall equal to the given Angle D.- 
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LXVIIL Within a Circle to inſcribe a Triangle whoſe Amgles ſhall be qual | "to 4 


Triangle given. 


Let ABC be a Circle given; within which : Triangle is to be drawn whoſe Angles Fieure 


ſ:all be equal to the Angles of the given Triangle D E 
Firſt draw'a Touch-line GA H, touching the Girde- in the-Point Az upon which 


Point A deſcribe a Semicircle GK LH, and make theAngle GAK; equal to-the Angle 


D; alſo make the Angle HA L, equal to the Angle : Laftlyg draw the Lines AK B 

-ndALC; fo ſhall the Triangle ABC be like and equiangtto the given: Triangle 

DEF. Which was, &C. , is Y : THT gt OT A 2+ 107617 

LXIX. To divide a Triangle into two Parts agcording to any Proportion; given, by 
a Line drawn from any Angle thereof. -+ 1 1 56 14 wo] 

Let the Triangle given be N OP, and ket it be required to divide the ſame into two 
parts by a Line drawn fron the-Angle N, «hich ſhall 'be'in proportion one'to the other 
3 the Line A is to the Line B. 14 HD 941 6 10238» COPE DIAN 

By the 55th Problem, divide the Baſe of the Triangle OP into two Parts, in pro- 
portion one to the other, as the Line A is to the Line B, which will be in the Point R : 
ALine drawn from N to R ſhall divide the Triangle into two Triangles, NOR and 
NRP, which ſhall be in proportion one to the other as the Line A is to the Line B. 
Which was, GC. Othervife,”' DE + 

Let the Triangle given be ſuppoſed to be a piece of Land containing 57 Acres, and it 
is required to cut off from it 3 Acres, to lie towards the Angle O, and to leave 4 Acres 
lying next the Angle P, and let the Line, or edge, of ſeparation be drawn from the 
Angle N. From O, one end of the Baſe of the. Triaogle, draw a Line at liberty, as 


LXVIIL 


* 2» 
x2 


Figure 
LXIX. 


0Q, making any Angle with the Baſe of the Triangle OP: Then the Compaſlles being * 


opened to any ſmall diſtance, run that diſtance ſeven times 'the Line OQ, at the 
Points 1, 2, 3, &c. and from the ſeventh Point draw the obſcure Line 7 Þ : Then (be- 
cauſe 3 Acres are to be cut off next to O) count, 3 from O, at the Point 3, and through 
the Point 3 (by the 10th Problem) draw a Line Parallel to P 9,.as the Line 3 R, cut- 
ting the Baſe of the Triangle in R: A right Line drawn; from N to R ſhall divide 
the Triangle N OP into two Triangles, of which the Triangle NO R ſhall contain 
Three Acres, and the Triangle N R P Four Acres. Which war, &, ' «© 


LXX. To divide a Trapezid into two Parts, according to any Proportion given, 
| by a Line drawn from a Point given in any of the Sides thereof. 

Let ABCD be a Trapezia given to be divided into two parts, in-Proportion one to the 
dther,as the Line L is to the Line M,by a Line drawn from the Point LE,in the fide A B. 

Firſt (by the 35th Problem) reduce the Trapezse A B C D, fromthe Point E, into 
the Triangle E FG. Then (by the 55th Problem) divide the Baſe of the Triangle 
Into two parts in Proportion, as L to M, which Point of Diviſion will be in K; from 
E draw the Line EK; ſo ſhall the Trapezia A B C D, be divided into two Trapezias, 
AEGR, and EBKD, which ſhall be in Proportion to pne another, as the Line L, is 
tothe Line M. Which was, &c. _ | 

Otherwiſe, 


Figare 
LXX. 


Suppoſe the Trapezia ABC D to be a piece of Land containing 9 Acres, and it is re- 


Qured to cut off 3 of chem to lie next to the Hedge A C, and 6 towards the Hedge BD, 
by a ſeparating Line or Hedge drawn from E, in the ſide AB. Extend the ſide of the Trave- 
us CD, (which is oppoſite to the given Point E,) on both ſides at liberty towards F and 
G, and from the given Point E, to the two 6ppoſite Angles of the Trapezja, Cand D, 
draw the two obſcure Lines EC and E D, and through the other two Angular parts of 
| theTrapezia Aand B, (by the 10th Problem) draw two other obſcure Lines parallel 
 bECandED, as AF and BG, cutting the ſide of the Trapezia extended in the 
Points F and G; ſo drawing the two Lines EF, and EG, the Trapezia ABCD is re- 
Uced into the Triangle EF G. Then from F, the end of the Baſe of this new Trian- 
gle, draw the Line & H ar liberty, making any Angle with the Baſe of the Triangle 
k G, Upon which Line (with any ſmall diſtance of the Tompaſles) run nine times at 
tle Points 1,2, 3:4, &c. And from the Point 9, draw the obſcure Line 9 G, and 
| .O o | through 
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chrovgh the Point 3: (becauſe 3:Acres-are to be cut off ) draw another obſcure Line 
patallel.to G 9, 25 3 K,; cutting the Bale of the Trapezza in K, a Line drawn from & tg | 
K, ſhall be the ſeparating Line, and ſhall divide the given Trapezia ABGD, into the 
the two Trepezias AECK, containing three Acres, and the Trapezia EBRD, con- 
taing ſix Acres. Which was, &c. 1. 1 AY B3.y 


 LXXI. To divide @ Triangle into two parts, according, to any Proportion zen, by 
me © 4b Tone draws om a Point given in any. of the fades of the Triend, 
Fi ire Let ABC be a Triangh given, to be divided into two parts, in Proportion one to 
15x17 the orber, as the Line Kisto'tho Line-Ta.. 7 + / 
* Firſt won the give point E, draw an occult Line to the oppoſite Angle at A, ag 
AE. Then (by the $5thi Problem):.divitle the Baſe of the Triangle 'BC, 1n the point 
D, in Proportion, as K to L; then draw the Line D F parallel.to.E A. Laſtly, from 
the point F draw a Line to the point E, which Line F E ſhall divide the given Trian- 
gle ABC into two'parts, viz. into the Triangle F BE, and the Trapezis AFEC, in 
Proportion one to the other, as the COOIEY P the Line L. Which was, &c. 
TIC & ' 3 þ ©, +4 ag | enwil 4 
_. . ,f ABC werea pivce of Lang. containing ſeven ' Acres, and it were required to di- 
© *yide it into two parts by a Line drawn from the point E, ſo that two Acres may lie 
towards the: Angle B,:and five. Acres: towards [the fide- AC; the work is already 
done: for: the Triangle! EB Camall. contain two Acres, and the Trapezia AFEC, 
five Acres. Which WL, Ge 2 i igrn ln £ | 


LXXIL To divide a Triangle into, .twg parts , according, to any Proportion by a 
1 Line draws patalicl to any of the fades thereof. | 
' Let the Triavghe given'be ABC; ang let the proportion into which it is to be di- 

Figure yided by a Line paraltel tb the fide y ; be as the Line K, to the Line L. 

LXXIL rirſt (by the 55th Problem) divide-the Bafe of the Triangle B C in the point E, 
into two parts, in Proportion ds K'ro.L: Then (by the 37th Problem) find a mean 
Proportienal Line bepgween B C' the' whole 'Baſe, and'B E the leſſer Segment of the Baſe, 
which will be B F; from which lip F, draw the right Line FH, parallel to the 
fide A'C, cntting the fide A Bin H; fo ſhall the Line F H divide the Triangle into 
two. parts, namely the Triangle HBF, in ſuch proportion to the Line K, as the Tr« 
pezia A'HFC is to the Line L. Which was, &c. 


LXXIIL 7o divid®'a Trapezia into two parts, which ſhall be in any Proportion, 
© by a Line drawn parallel to one of the ſides. : 
: Let ABCD ben Trapezia pen to. be divided into two parts, by a Line drawn 
FISUrC parallel to-the fide BA, in ſuch ſort that the leſſer part ſhall have ſuch proportion to 
LAKNG _ _ part, as the Line E hath to'the Line F, and to lay the leſſer part next to 
e ide BA. :þ 

Becanſe the Line of feparation is to be parallel tothe fide B A, it muſt neceſfarily 
cut the'two ſides BC and'A D ; wherefore, extend thoſe two fides, till they concurr 
in the Point G. AP. done, (by the 35th Problem) reduce the Trapezia A BCD, in- 
to the Triangle AB H, which Trapezia thus reduced, the Baſe of the Triangle equal 
thereunto will be the Line AHk Then (by the 55th Problem) divide this Baſe*A H, 
in the Point 1, in ſuch proportion as the Line E 1s«to the Line F. This done, (by the 
37th-Problem) find a mean Proportional Line between G A (the Point of Concur- 
rence of the two lides BC and A D, extended,) and G 1, (the Point of the Proportional 
Diviſion,) which will be the Point K. Laſtly, through the Poifit K draw a Line ps 
rallel to A B, as KL; fo ſhall you cut off the leſſer part ABLK, (next the fide A B,) 
and the greater part K L C D, (next to the ſide C D,) in proportion one to the other » 

as the Line E to the Line F. ich was to be done, &c, 
But if it had been required to divide the Trapezia by a Line drawn parallel to the 
fide AD. then the Line of ſeparation would have palled through the ſides A B and C D, 
and thoſe two ſides ſhould have been extended till they mer ; but the relt of the work 

would be ſtil] the ſame. 


XXIV. 7o divide an irregular Plot of many ſides, according to any Proportion 
| aſigned with a Line drawn from any Angle thereof. 


F 
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LetABCDEF be an irregular Plot, to be divided into two parts, in Proportion 
— to lay the leſler part towards E. ; 

Foraſmnchas the Line of Diviſion is to be drawn from the Angle C,it will neceſſarily fall 
ypon the fide A F, which extend on both ſides from A and F; and (by the latter part of 
the 36th Problem) reduce the irregular Figure ABCDEF, into the Triangle C K 1, 

aal thereunto. Then (by the 55th Problem) divide the Baſe I K, into two parts in 

oportion, as GtoH; ſfothat as G is to H, fo ILto LK; which Point of Diviſion 


will fall in L, becauſe the leſſar part is to be laid towards A. Laſtly, draw the Line 


CL, which ſhall divide the Plor into two parts, the leſſer part CDEFL, being in 
portion to the leſſer Line G, as the greater part ABCL, is to the greater Line H. 


0 
| Which was, &C. | 


LXXV. To divide a Plot according to any proportion aſſigned, by a Line drawn 
from a Point Limited in any of the fides theredf. 


Let the Plot given be ABCDEF, and let the Point from which the Diviſion is to 
be made be G, in the fide BC, and let the Proportion into which it is to be divided 
he ſuch as is between the Line H and the Line I, and let the leſſer part be laid towards 

e fide AB. | 
— Point G, from whence the Diviſion is to be drawn, will neceſſarily fall upon 
the ide AF; wherefore extende A F on both ſices, and (by the latter part of the 
36th Problem) reduce the whole Plot into the Triangle G K L, (whoſe Perpendicular 
Altitude is G O.) This done, (by the 55th Problem) divide the Baſe of the Triangle 
* GKL, in proportion as H to 1, in the Point M, (the leſſer part being ſet from K.) 
Laſtly, from the aſſigned Point G draw the Line G M, which ſhall divide the Plot 
into two parts, in proportion one to the other, as the Line I to the Line H, and the 
leſſer part ſhall lie towards the ſide AB. Which was, &c. 


LXXVI. To divide a Triangle by a Line drawn parallel to a Line without the 
Triangle, according to any Proportion between two given Lines. 


Lat ABC be a Triangle, and let D be a Line without the Triangle : It is required 
to divide the Triangle into two parts in Proportion one to the other, as the Line 
Eisto the Line F. | 
Firſt divide the Baſe of the Triangle (by the 55th Problem) in the Point G, as E 
isto F. Then through the Point B, draw a Line parallel to the Line D, cutting the 
Baſe of the Triangle A C in H. Then (by the 37th Problem) find a mean Proporti- 
onal between A G and A H, which will be AI. Then through the ' Point I, draw a 
line parallel to B H or D, as the Line I K, which will cut off the Triangle AK I, in 
Proportion to the other part of the IriangleIK BC, as E is to F. Which was, &c. 


LXXVII. 7o cut off from a Triangle a part equal to a Figure given, by a Line 
drawn garallel to a Line without the Triangle. 


Figure 


to the other as the Line G is to the Line H, with a Line drawn from the Angle C, LXXIV. 


Figure 
LXXV, 


[n the foregoing Figure, let A B C be a Triangle given, and D a Line drawn with- Figure 
out the Triangle, and let it be required to draw a Line within the Triangle parallel to LXXVII, 


D, which ſhall cut off a part thereof equal to the Square L M N O. 


From the Angle B draw a Line parallel toe D, as BH. Then increaſe the ſide of the 


5quare O N, making N P equal to N ©, and draw the Line L P; ſo ſhall the Triangle 
LOP, be equal ro the Square LMNO. Then (by the 34th Problem) reduce the 
TriangleLO P, into the Triangle O QR, of equal Altitude with the Triangle ABC. 
Then take the Baſe of this Triangle R O, and ſer ir upon the Baſe of the Triangle 
ABC, from A to G, which done, (by the 37th Problem) find a mean Proportional 
between A G and AH, which will be Al. Laſtly, through the Point I draw a Line 
pndel toD, or B H, (which alſo is parallel to D,) as L K, which ſhall cut off the 
riangle AI K, equal to the Square, LM N O. Which was, &c. | 


LXXVIIL. To divide a Triamle into two parts, according to any Proportion b y 4 


Line drawn from a Point without the T; riangle. 


-L«@ ABC be a Triangle, and D a Point without the Triangle, from which Point Figure 
"1s required to draw a right Line which ſhall divide the Triangle into two parts IN LXXVI1il. 


Proportion one to the other, as the Line E is to the Lige F, 
Oo2 Firſt, 
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Figure 


This done, 


MBCT, as the Line E is to the Line F. Which was, &C. 


— ———  —— 


' Firſt, incresſe the fide of the Triangle AB, and through the given Point D, draw 
a Line parallel to the. Baſe of the Triangle AC, till 1t cut the Baſe extended in G, 
(by the 53d Problem) divide AB in H, aS E Is to F: Then, as E j 
ſoAH to HB. And (by the 54th Problem) as GD BtoAC, ſoAHro AJ; 
ſet from A to I. Then (by the 37th Problem) find a mean Proportional between G A 

and Gl, as A K, which ſet from I to M. Laſtly, draw the Line D M, which ſhall Cut 
off the Triangle AM T, which ſhall be 1n proportion 10 the other part of the Triangls 


LXXIX. From a Point without a T riangle to cut off a part of the Ti riamle egiit 


to a Figure given. 


In the foregoing Figure, let ABC be a Triangle given, and D a Point without the | 
LXXIX. ſame, from which it is required to draw a Line, tq cut off from the 'Trian 


a part equal to the Trapezi:N OPQ. 


Firſt, increaſe the ſide of the Triangle” A'B, and through D draw a Line 
AC, till it cuts the fide A B. extended in G. , Then (by the 35th Problem) 


gle ABC, 


Parallel to 
reduce the 


 Trapezia NOPY, into the Triangle N O R, and that again into the Triangie N SQ, 
whole Altitude is equal to the Altitude of the. given Triangle A BC, (from C upon 
AB being increaſed.) This done, take the Baſe Q N, and ſet it upon the Baſe AB, 
from A to H. Then, (by the 54th Problem)as GDistoAC, fois AHto Al; which 
ſet from A to I. 'Then (by the 37th Problem) find a mean Proportional between A G 
and AI, as AK; which ſet from L to M. Laſtly, a Line drawn from D to M, ſhall 
- cut off the, Triangle AM T, equal to the TrapeziaN OP Q. Whuh was, &c. 


Figure 
LXXX, 


LXXX, Tedivide a Square into two equal parts, by a Line drawn from a Pring 


without the Square. 


Let ABCD be a Square given, and E a Point without the ſame, from whence it is 


required to draw a Line which ſhall divide the Square into two equal parts. 


Firſt draw the Diametre A C, which divide into two equal parts in F. Then-from 
the point E through the Point F, draw the Line EF G, which ſhall divide the Square 
into two equal parts, as into A B GH, and G CH D, and from a Point E without the 


Square. Which Was, XC. 
If the Point had been taken within the Square as at S, or in the ſide of the 
at H, the work had been Rill the fame. 


Square, ay 


And the like may be done in a Parallelogram, Rhombus, or Khomboyades, as in the 


Figures. 


LXXXI. 7o divide a Trapezia according to any Proportion, by. a right Line 


drawn from a Point without, and to lay the greater or leſſer part te 


wards what fide of the Figure ſhall be required. 


Let ABCD bea Trazezia given, and let E be a Point without the ſame, from 
which a Line is required to be drawn to divide the ſame Trapezia into two parts 
which ſhall have ſuch. Proportion one to the other, as the. Line F hath to the Line G, 


and to lay the leſſer part towards the fide AB. 


4 


© 

The Line of Diviſion to be drawn from E, will cut the ſides B C ard AD; where- 
fore extend them till they concurr in H, and then through the Point E, draw a Line 
parallel to A H, extending it till it cut the Line BH, extended in 1. Then (by the 
35th Problem) reduce the Trapezia into the Triangle ABK; fo is A K the Baſe, and 
BS the Perpendicular. Then (by the 55th Problem) divide the Line AKin L, in 


Proportion as F to G, and (becauſe the lelier part cut off is to lie next the 


ſer the leſſer Segment of the Baſe from A to L. Then (by the 54th Problem) as IE 


isto HL; fois HB to HM. Again, (by the 37th Problem) find a mean 


onal between 1 H and HM, as is H N, and (a!ways) divide HM into two equal parts i 
O, and draw the occult Line O N, which ſet from O to P. Laſtly, a right Line draw 

from E to P, ſhall divide the Trapezza.into two parts, ABPQ the lcticr, lying next the 
ide A B, and P CDQ the greater, lying next the ſide C D; and theſe rwo parts have 


ſide A B;) 


Proporti- 


ſuch Proportion one to the other, as the Line F hath to the Line G. Whichwas, &C. 


LXYOXII. Zo diuide a Trapezia into two Parts, (according to any poſſible 
on) by a Line drawn through a Point within the Trapezia. 


#7 roport! | 
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LrABCD be a Trapezia piven, to be divided 1nto two parts, in Proportion Figure 
one to the other, as the Lice F is to tht Lite G, by a Line which ſhall pals through LXXXil:; 


the PoINL E, within the[rapezia, 

Cortfiue the two fides BC ant AP, (through,/Which The ne of ſFTaration will 
paſs) Hill they concurr 10H : The# $d 1c the iy pezi4 A B GD, (by the 35th Pre- 
blow} intothe Triangle AB I, whoſ# Biſe is AT, and P&epeMicular BS.. Tikn'.4i- 
ride the Baſe BI (by th2 55th Problem) into two parts in K, as the Line F is to the 
Line G. "Then through the given;Point E, draw pgheyLine Mfþ L, parallel to A D, 
and let fall a Perpendifular from to AD, as E TS TE t e two Pcrpend:culars 
pS, ET, and half tlie Line H BB find (by-the hk Pro) a fourth Proporti- 
onal Line, that as the Perpendicular E'T is to the Perpendicular BS, ſo ſhall halt H K 
(iz. HV) be to H N, which fer from Hro N. Through the Point N, draw a Line 
parallel to B H, as N M, cutting the Line LEM in M. This done, (by the 47th Pro- 
blem) take the Square of EL from the Square of E M, anU the tide of the remaining 

uare Will be equal ro the Line X, which fet from N to P. Liſtly, a right Line 
drawn from P through the given Point E, as PEQ ſhall divide the Trapezia A B CD, 
into tro parts, ABQP, and P QC D; which: thalt be in proportion one to the other, 
25 the Line F 1s to the Line G. 'bich was, &T © 


LXXXUIIL. To divide # Plot ateording (to any. (poſſible) Proportion given y by 
a Line drawn through a Point aſſigned within the ſame Plot. 

Let the. Plot given, be ABCDEF, and it is required to divide the ſame into two Fignre 
parts, which ſhall be in proportion one to the other, as the Line H is to the Line 1, EXXXI: 
by a right Line drawn through the Point G within the Plot. | 

It does evidently appear that the Line of fcparation will cut the ſides BCand AF, 
of the Plot ; wherefore extend them rill they concurr in the Point K : Extend alſo the 
fide AF (on the other {1'e) towards M. Then (by the 3oth Problem, the latter part) 
reduce the whole Plot into the Triangle C LM, whoſe Perpendicular is the ſhorteſt 
diſtance from C, unto the Baſe A F. This done, (by the 55thi Problem) divide M L 
(the Baſe of the Triangle equal to the whole Plot) into x:wo parts in Proportion, as 
Htol, which Point of Diviſion will fall in the Point N ; ſo, that as H is tol, Þ LN 
may be tO. N M. * Then from the Point within G,, let fall a Perpendicular to the Baſe 
LM; (or take the neareſt diſtance thereto,) and. (by the 54th Problem) ſay, as this 
perpendicular (or ſhorteſt diſtance) is to the Perpendicular from C, upon the ſame 
Biſe LM; ſo ſhall the halt of K N, be unto KO, which diſtance ſet from K to O. 
Then through O, draw a Line parallel to K C, as OP; alſo thraugh the given Point 
G, draw a Line parallel to the Baſe LM, as Q GP, call it cut: the - former parallel in 
P. Avain, (by the 47th Problem) ſubtract the Square of Q G, from the Square of GP, 
ard the fide of rhe remaining Square will be a Line equal to S, which Line S take and 
ſticrtrom Oto V. Laſtly, trom this Point V, draw a right Line through the given 
Point G, as VG W, which ſhall divide the Plot ipto two parts, namely, into WB A V 
the leſſer, and W CDEFV the greater, in proportion one to the other, as the 
Line H to the Line I, by a Line drawn through the Point G. Which was, &c. 


LXXXIV. To divide a Plot according to any aſſigned Proporticn, by a Line drawn 
from a Point aſſigned without the Plot. | 
Let the Plot given be ABCDEF, it is required to divide the ſame into two parts, F:gure 
which ſhall have ſuch Proportion one to the other, as the Line G hath to the Line H,EXXXIV- 
2nd from the Point X without the Plot. 7 
lt 13 apparent that the Line of ſeparation drawn from the Point X without, will cut 
the two tides AF and C D; therefore extend them till they concurr in the Point K, 
nd extend CD beyond K. Then (through the given Point X) draw a Line parallel 
tAR, extending it till it cut C K extended in L, as the Line X L. This done, (by 
te latter part of the 35th Problem) the Baſe of a Triangle equal to the whole Plot, as 
the Line LM, whoſe perpendicular is the ſhorteſt diſtance from C rothe Baſe MN. 
Then (by the 55th Problem) divide MN in O, as G is to H, that is, as G.is to H, 
ſo NOro OM. . Then again (by the &th Problem) ſay, as LX is to KO, foKCto 
KP. Now (by the 37th Problem) between LK and KP, find a mean Proportional, 
$RKQ, which found, divide (always) KP into two equal parts in R, and draw the 
Line R Q, which ſer from R toS. Laſtly, from the Point X to S, draw the right Line 
IT'S; fo ſhall the Plot be divided into two parts SDEF T the leſſer, and SCABT 
the greater, in proportion one to the other, as the Line G is to the Line H, by a Line 
Wawn from the point X, without the Plot. Which was, &Cc. FR 
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SECYS 1 
Geometrical DEFINITIONS. 


L A Solid (or Body) is that which hath Length, Breadth, and Thickneſs, («r 
Depth.) | | 
j Se Definition of a Solid is without any deſignation or form of Figure eaſily un- 


derftood, only conceiving in the Mind, or beholding with the Eye, a piece of 
Timber, Stone, Metall caſt in a Mold, or any matter elſe. 


IL. The Terms or Extremes of a Solid, is a Superficies. 


As the Terms of a Line are Points, the Terms of a Superficies are Lines, (as hath 
been already defined ;) ſo the Terms of a Solid (or Body) are Superficies, whether the 
Dimenſions of the Superficies be equal or unequal: As for Example, let the length of a 
Solid be 5 Inches, the breadth 3 Inches, and the thickneſs (or depth,) 2 Inches: | ay 
that the Terms of ſuch a Solid are 6 Superficies, viz. 2 whole lengths are 5 Inches, 
and breadth 3 Inches; two other whole lengths are 5 Inches, and breadth 2 Inches, 
(and theſe are the top, bottom, and the two ſides,) the other two Superficies are 3 Inchss 
long, and 2 Inches broad, and thoſe are the two ends. 


1M. A right Line is perpendicular to a Plain, when it maketh right Angles with 


all the right Lines, that are (or can be) drawn from that Point of the 
Plain upon which the right Line ſtandeth. 


As, let ABCD be a Plain, and let OP be a Line thereupon erected : I ſay, if the 
Line P O, do make right Angles with all the Lines drawn upon the Plain from the 
Point O, as the Angles, POE, POF, Þ OG, (and as many as there can be right Lines 
drawn from the Point O,) all equal, (or right Angles,) then the Line P O is a Line e- 
rected perpendicular to the Plain, ABCD. Such a Line is ſometimes called a Plumb- 
Line. 


IV. 4 Plain zs perpendicular to a Plain, when the right Lines drawn in one Plain, 
to the Line of common Settion of the two Plains, and making right Angles 
therewith, do alſo make right Angles with the other Plain. 

I ſay that the Plain AMBO, is perpendicular to the Plain GK L D, when the 
right Lines FG and H K, drawn upon the Plain AMO B, to the Line of common 


Section of the two Plains M B, do make right Angles therewith; the Plain A MO Bdoth 
alſo make right Angles with the Plain GLKDa 


V. The inclination of a right Line to a Plain, is when a Perpendicular is drawn 
from the higheſt Point of that Line to the Plain, and another Line draw 
from the Point, which the Perpendicular makes in the Flain, to the end of 
the ſame Line which is in the ſame Plain; whereby the Anzle i; my 

whic 
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which is contained under the inſiſting Line, and the Line drawn in the 
Plain. | | | 
Asto the Plain C D, I ſay the Line AB is an inclining Line thereto; for if a Per: 
odicular be let fall from the higheſt Point A of the Line AB, to the Plain CD, it 
will fall in E, and if a Line be drawn upon the Plain from B to E, the Angle A BE is 
| acute, which is contained under the inliſting Line AB, and' the Line BE which is 
drawn upon the Plain. | 


VI. The Inclination of a Plain to a Plain, is an acute Angle contained under theſe 
right Lines, which being drawn in either of the Plains, to the ſame Point of 
the common Settion, do make right Angles with the common Seftion. 


The Plain AB inclineth to the Plain CD, by the acute Angle F HG, contained Figure 
ander the right Lines FH and G H,. which being drawn in either of the Plains to the IV. 
ſame Point H, of the common Section E B, do make right Angles with the common 


Section E B. , 


VII Plains are ſaid to be inclined to other Plains in the ſame manner, when the 
ſaid Angles of Inclination are equal one to another. 


VIIL Parallel Plains are thoſe, which being prolonged never meet. ; | 


IX. Like Solid Figures, are ſuch as are contained under like Plains, equal in 
Numbers. 


X, Equal and like Solid Figures are ſuch as are contained under like Plains, equal 
both is Multitude and Magnitude. 


XI. 4 Solid Angle is the Inclination of more than two right Lines which touch as a- 
' ther, and are not in the ſame Superficies. | | 
Otherwilſe, 


A Solid Angle is that which is contained under more than two plain Angles, not be- 
ing in the ame Superficies, but confiſting, all at one Point. 


XIL 4 Pyramide zs a Solid Figure, comprebended under many Plains ſet upon 
one Plain, (which is the Baſe of the Pyramide,) and gather together to one 
Point. 


When two, three, or more Superficies are raiſed up from one Superficies, which is Figure 
the Baſt;-and ever aſcending diminiſheth their breadths, till at length all their Angles V. 
concurr in one Point 3 there making a Solid Angle, and a Solid thus terminated,-is 
Glled a Pyramide. | 

Of Pyramides there are divers kinds according to the Variety of their Baſes. For, 


| Triangle, * * © Trianghlar, 
If the Baſes of YQuadrilateral, Quadrangular,f ? 
the Pyramide IPentagon, then it is called a /Pentagonal, > Pyramide. 
be a Hexagon, Hexagonal, 
Heptagon, Cc. | Heptagonal, 


Although theſe Pyramides cannot well be expreſſed in a plain Superficies, yet you 
may ſufficiently conceive of it by the Figures here ſet ; if you imagine the Point A, to- 
gether with the Lines AB, CB, and DB, to be elevated on high, till all the plain 
Angles of the ſeveral Superficies AGB, ADB, and CDB, doall meet and concurr 
" the Point B, there making the Solid Angle ACDB. 


XIIL 4 Priſme is a Solid Figure comprebended under Plains, whereof the two op- 
pofite are equal, like, and parallel, and the other are Parallelograms. 
By this Figure you may conceive what a Priſine is, if you imagine the Superficies, Figure 
ABCD, to be the Baſes, and the two Superficies AEF B, and CE F D, to be ereft- yl, 
td upon the two ſides of the Baſes AB and CD, not perpendicularly, but bending the 


Ne to the other, till they join together in the Line EF; ſo is the Priſme contained _ | 
| er 


yy" 


es. * 
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Figure 
VII. 


der five Guperficies, namely under the three Parallelograms ABC D, BAFE,FECH 
and under the two Triangles, F BD and EAC, which are equal, like, and parallel, 


XIV. A $ here is a Solid Figure made when.the Diametre of a Semicircle abi. 
1 deth wnnoved,; the Semicircle is turned round about, till it return to the 
. + {. fame place from whence it Began to be moved. 
4 COHLW » Another Definition by Theodoſſus. 
A Sphere is a Solid or Boay contained under one Super fictes, in the middle whereof there is 
« Point, from which all right Lines drawn to the Circum ference are equal. | s 
\ Upon the Line A B, being the. Diametre, deſcribe a Semicircle A CB, whoſe Centre 
let'be D, the Diametre A B being fixed upon his ends or points, A and B, imagine the 
whole Superficies of the Semicircle to'niove round from ſome one point afligned, till it 
return to the {ame point again; ſo ſhall it produce a perfect Sphere or Globe, ſuch as 


you ſee itt the Figure. | 
XV. Zhe Axis of a' Sphere, is that fixed right Line about which the Semicircle is 


moved. | 
As. the Line A DB, which is the Diametre of the Semicircle, and conſequently of 
the Sphere or Globe. 


XVI. The Centre. of a Sphere is the ſame Point with that which is the Centre of 
the Semicircle D: | | 


XVII The Diametre of a Sphere is a right Line drawn through the Centre, aud 
terminated on either fide in the Superficies of the Sphere, as AB. Fig, VII 


XVIIL 4 Cone is a Figure made when one fide of a reflangled Triangle; (vis. 
. one of thoſe fides which contains the right Angle,) remaining fixed; the 
Triangle is turned round about, till it return to the place from whence 
it firſt moved; and if the fixed right Line be equal to the other which 
containeth the right Angle, then the Cone zs a rettang/ed Cone; but if 
it be leſs, it is an obtuſe Amled Cone; if greater, it is an accute Aw 
gled Cone. ; | 
As a Sphere was produced by the Motion of a Semicircle about its Diametre; ſo a 
Cone is produced by the turning abont of a rectangled Triangle, upon one of the ſides 
which ſubtendeth the right Angle from ſome one point, til it retura to the ſame point 
again. | 
Let ABC be a reCtangled Los 46 having the Angle AB Ca right Angle,contained 
under AB and BC. Now ſuppole-the fide AB to be faſtned, and ſuppole the Trian- 
gle ABC to be moved from ſome one point aſſigned, till it return to the ſame point 
again : ſo ſhall the Solid or Body thus deſcribed be a perfeft Cone. Of Cones there be 
three kinds, viz. right, obtuſe, and accute Angled. 
Firſt, if the right Eine which abideth fixed be equal to that which is moved about, 
and containeth the right Angle, then is the Cone a re&angled Cone. 
Secondly, Burt if it'be leſs, then it is an obtuſe Angled Cone. And, 
Thirdly, If it be greater, then it is an accute Angled Cone. 


XIX. The Axis of a Cone ts that fixed Line about which the Triangle moved. And 
the Baſe of the Cone is the Circle which is deſcribed by the right Lint 
which is moved about. 


In this Cone the right Line AB is the Arjs, and the Circle D E C is the Baſis of the 
Cone ADEC. 


XX. A Cylinder is a Solid Figure, made by the moving round of a right Angled 
Parallelogram, one of the fides thereof abiding fixed, till the Pgralleli- 
gram be turned about from ſome aſſigned Point, till it return t1 the ſame 
point again. 

Suppoſe ABCD to be a reCtangled Parallelogram, having its ſide AB fixed, about 


which imagine the whole Parallelogram to be turned about, till it return to the 
| | Point 
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point where ir began, Then 1s that Solid or Body. by this motion deſcribed, a perfect 
Cylinder - ; 


x XI. The Axis of a Cylinder 7s that right Line which abideth fixed, about which 

- the Parallelogram is moved: And the Baſis of the Cylinder, are the 
Circles deſcribed by the two oppoſite fides of the Parallelogram in their 
Motion. 


c in the Figure the right Line AB, about which the Parallelogram was moved, Figure 
« the Axis of the Cylinder ;, and the two Circles DEFG, and CHKL, made by the 1X. 
motion of che Two oppolite tides of the Parallelogram, are the Baſes of the Cylinder. 


KXI. Like Cones and Cylinders are they, both whoſe Axes and Diametres of their 
. Baſes are Proportional. | 


\XIIL 4 Cube is a Solid or Body contained under fix equal Squares. 


I: is a Solid Body in form of a comraon Dye, and in Plano cannot be expreſſed o- Figure 
herwiſe, than in the Figure which conſiſts of fix Parallelograms, which you muſt con- X. 
ceive to bs (all of them) both equilateral and Equiangular : Now if you ſuppoſe one 
of them, as AB CD, to be the Baſis, and EFGH, to be in the top over it; ſo that 
the Lines A E, C G, DH, and BF, are perpendiculars ereCted from the Points ABCD, 
then thoſe Lines A E and C G will repreſent one of the upright Plains, namely, the 
upright Plain; AGCE and the Lines DH and BF will repreſent another of the uP- 
right Plains, namely, the Plain HF DB ; and the Lines BF and AE another upright 
Plain, namely, EFAB3; and the Lines G C and H D the other Plain, namely,G HC ÞD. 

This Definition well conceived and underſtood, will render thoſe that follow more 


intelligible. 


- XXIV. 4 Tetracdron is a Solid Figure contained under four equal and equilateral 
Triangles. 


The form of this Solid is before ſufficiently defined in the Definition of a Pyramide, Figure 
and again in this Figure which 1s the ſame in effect, only in this the four Triangles Xl. 
are equilateral; and there oue only was equilateral, and the other three Iſoſcheles, 

Now in iis Figure, if you conceive the Triangle A CD, to be the Baſs of -the -Terra- 
edrax, and the other three Triangles A CB, A D B, and CDB, iſſuing from the Sides of 
the Baſis, AC, A D, and CD, and concurring 1 the Point B, you have the perfect re- 
preſentation of it, as a Solid Body. 


% 


XXV. An Octacdron is a Solid Body, or Figure contained under eight equal aud 
| equilateral Triangles. : | | 
For the repreſentation, of this Body in Plano, imagine firſt, that upon the upper face Figure 
of the Svuperficies of the Parallelogram A B C D, be deſcribed a Pyrams, having his four 
Triangles AFB, AFC, CFD, and DF B, equilateral and equiangular, and concur- 
ring in the Point F, Alſo conceive that on the lower face of the ſame Parallelogram, 
be deſcribed another Pyramis, having his four Triangles AEB, AEC, CE D,-and 
DEB, equilateral and cquiangular, and all of them concurring in the Point E. And © 
this Deſcription may be eaſily conceived. | | 


XXVI. 4 Dodecaegron is a Solid Figure or Body, contained under twelve equal; 
equianzular, and equilateral Pentagons. FR 
In the Figure imagine, firſt the Pentagon ABCDE to be the Baſis of the Body ; Figure 
then imagine the Penragon F G HK I, to be a Pentagn oppoſite to the former, andbe- XII 
tween theſe two Pertagons there will be ten Pemagons pulled up, five from the five ; 
ldes of the ground Pentagon, naniely, * 


AP ABONM. 


B C BCQ PO. 
From the fide\C D> The Pemragon4CDS RQ. 

DE DEUT.S. 

E A .AEAMS.M. 


Pp The 


jw 
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The other five Pentagons have each one of their ſides common with one of the ſides 
of the Pentagon F GHK L, which is oppoſite unto the Baſcs, and thoſe are the other 
five Pentagons, namely, ; 


GHP ON. 


Fc G NM X: 
The wo KROQP. 


KLRST. 
LFXUT. 


Which Pentagons if you imagine to be equal, equilateral, and Equiangular, and to 
be lifted up from the ſides of the Baſin and the Pentagon oppolite to the Baſis (both 
ways,) you will eaſily conceive the form of this Body called Doaecaearon. 


XXVIE 4» Icoſacdron is a ſolid Body, contained under Twenty equal and equila- 
teral Triangles. 
Figure *Foraſmuch as there are in this Solid Body Twenty Triangles,and every Triangle hath 


. XIV. three Angles, the concourſe of the ſaid Triangles will be in Twelve Points, as at 
| A,B, C, D, E, F,G, H,K, L, M, and N. Where Note that in this plain Figure the two 


Points M and N are but one; but you muſt imagine one of them to be ereCted-upwards,- 


the other oppokite to it downwards. Now, 

The five Triangles which BMD. 
concurr- in the Point M, and 
are imagined to be erected up- fgMIL 


_—, are LMB. 
And 
The five Triangles which con- - - "7 
 curr in the Point N, and are con- EN G. 
ceived to be erected downwards, GN KR. 
We. | K NA. 
The other ten Triangles which include this Body, are theſe. 
ABC, F G H. 
BCD, GHK. 
CDE,>and<H kK L. 
DEF, k L A. 
E FG; LAY 


And thus is the Body compleated, and in the Figures of theſe five Bodies the repre- 
ſentation of them is expreſſed three ſeveral ways. : 
- Firſt, As they are bere deſcribed in Plano, upon a plain Superficies. 

Secondly, As they repreſent themſelves in a Body, like Form, and 
- Thirdly, As they may be drawn upon Paiſt-board, or upon ſuch like matter as willbe 
ptfable and bow, and then in the Lines cut the Paj/t-board half way through, and bon, 
and fold in the ſeveral Plains of which the Body conſiſts, and they will cloſe together in 
ſuch ſort, that they will make the perfect Body deſigned. 


XXVIIL 2 Parallelilipedon 7s a Solid Figare contained under fix Quadrilateral 
Figures ; whereof thoſe which are oppoſite are parallel. 


XXIX. 4 Solid Figure is ſaid to be infcritded mm a Solid Figure, when all the 
| Amgles of the Figure inſcribed, are Su oareatit Þ either within tht 
Angles, or in the Sides, or in the Plains of the Figure wherein it 


inſcribed. | 


XXX, 4 Solid Figure is ſaid to be' circumſeribed about a Solid Figure, when & 
ther An les, or Sitles, or Plains of the circumſcribed Figure, touch al 

the Angtes of the Figure about which it is circumſcribed, m_ 
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i Ou2 part AC of a rizht Line, cannot be in a plain Superficies, and another 


part CB elevated upwards. | 
9-.d1ceAC in the Plain directly to F: If you conceive CB to be drawn ſtreight 
from AC; then two right Lines AB and AF hath one common Segment. Whith 


rh} 7 n Þ) 
18) impojſibie. Lucl. El. ; 38 I l, Pr. I, 


W. Jf tio right Lines AB and CD cut one another, they are im the ſame Plain ; 
" and every Triangle DE B is in one and the ſame Plain. 


Conſtrution. JI Or imagine E F G, part of the. Triangle DEB, to be in one Plain, and 
and the part FDGB to be in another, then E F, part of the right 
Line E D, is 1 a Plain, and the other part elevated upwards. Which 3s abſurd. 
Demon{tration. Therefore the Triangle EDBis in one and the ſame Plain, and fo 
alſo are the right. Lines, E D and E B; wherefore the whole Lines AB and DC are 
in one Plain. Which was, &c. Eucl. El. L. tt, Pr. 2. 


II. If two Plains AB and CD cut ore the other, their common Seflion E F is a 
right Line. 
Demonſtration. JF EF the common Seftion be not a right Line, then in the Plain AB 
draw the right LineEGF, and in the Plain CD the right Line 
EHE; therefore two right Lines EGF and EHF include a Superficies. Which is 
abſurd. Eucl, EL Ls 11. Pr. 3. 


IV. If a rizht Line E F, be at right Angles eretted upon two Lines AB and CD, 
cutting one the other at the common Settion F, it ſhall alſo be at rizht An- 
oles to the Plain ACBD, draten by the ſaid Line. 


Cofruion.” Y  Ake EA,EC, EB, and ED, equal one to the other, and join the right 
+ Lines AC, CB, BD, and DA. Draw any right Line G H through 
E, and join FA,FC, FD,FB, FG, and FH. Fg 

Demonſtration, Becauſe AE is equal to E B, and DE to EC, and the Angle AED, 
equal toCEB; therefore AD is equal to CB; and likewiſe AC, is equal to DB; 
therefore A D is parallel to BC, and A Cto DB: whereforc the Angle G AE, is equal 
tothe Angle EB H, and the Angle AGE equal to the Angle EHB. Butalſo AE 
ISequal to EB; therefore GE is equal to EH, and AGtoB H. Whence, by reaſon 


Figure 
[. 


Figure 
Il. 


Figure 
L1I, 


Figure 
IV. 


of the right Angles, (by the 4th Hyporheſss,) and fo equal at E, the Buſes FA,FC,FB, . 


ard F Dare cqual z therefore the Triangles ADF and FBC, are equilateral one to 
another, ard thence the Angle D AF, equal to BCF. Therefore in the Triangles 


AGF and F BH, the Sides FG and FH are equal; and fo by conſequence the Trian+ | 


glsfEG and F E Hare mutually equilateral : therefore the Angles FEGand FEH 
are equal, and fo right Angles. In like manner FE makes right Angles with all the 
Lines drawn through E, in the Plain ADBGC, and is therefore Perpendicular to the 
laid Plain. Which was to be Demonſtrated. Eucl. El. L. 11. P.q. 


V. If two right Lines AB and DC, be eredted perpendicular to ene and the 
ſame Plaia E F ; thoſe right Lines AB and DC are parallel one to the 
ot ber. | 

Conftruion. Raw A D, whereunto let DG (equal to AB) be perpendicular in the 

Plain E F, and join BD, B G, and AG. | 

- Demoyſtrarion, Seing in the Triangles BAD and ADG, the Angles DAB and 

ADG are right Angles, and A Bequal ro DG, and AD is common, therefore B D is 


equiltoAG : whence in the Triangles AGB and BG D, equilateral one to the other, - 


the AnzleBAG is equal to BDG; of which ſeeing BAG isa right Angle, BDG 
ſhall-be ſo alſo. B'1t the Angle G DC is ſuppoſed right; therefore the right Line DG 
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is perpendicular to the three Lines DA, DB, CD, which are therefore in the {;me 
Plain wherein A Bis. Wherefore, tince ABand C Dare in the ſame Plain, and the 
internal Angles BAD and CDA are right Angles, AB and CD fhall be parallel 


Which was, &c. Encl. El. L. 11. Pr. 6. 


VI. If there be two parallel rizht Lines AB and C D, whereof one AB is Perpen- 
dicular to a Plain EF, then the other CD ſhall be perpendicular to the 


ſame Plain EF. 
'He ConſtruCtion and Demonſtration of the laſt Theorem being transferred. hither, 
the Angles GD A and G DB are right Angles z therefore GD is perpendicular 
tothe Plain, wherein AD and DB are, (and alſo, in which AB and CD are.) There. 
fore G D is perpendicular to CD, but the Angle CD A, is alſo a right Angle; there. 
fore CD is perpendicular to the Plain EF. Which was to be Demonſtrated. Eucl. E), 


[11> Pr. Db. 


VII. 7f two right Lines AB and AC touching one another, be parallel to two 6 
ther right Lines, ED and DF, touching one another, and not being 
in the ſame Plain, thoſe right Lines contain equal Angles, BAC and 
E DEF. 

Figenre Conftrattion.} Et AB, AC, DE, and DF, be equal one to the other, and draw AD, 
VI. BC, EF, BE, and CF. Then, 

Demonſtration. Seeing AB and DE are parallel and equal, alſo BE and AD are 
parallel and equal. 

In like manner, CF and AD are parallel and equal; therefore alſo BE and F C are 
parallel and equal z therefore BC and E F are equal. Wherefore, ſince the Triangles 
BAC andEDF are of equal ſides one to the other, the Angles BAC andEDE ſhall 
be equal. Which was to be Demonſtrated. Eucl. El. L. 11. P, 10. 


Figare 
V 


VIII. 4t a Point given C, in a given - Plain A B, two right Lines, CD andCE, 
cannot be ereted perpendicular on the ſame ſide. 
Figure FT” Or both the Lines, CD and CE, ſhould then be perpendicular to the Plain AB, 
 VIL and conſequently parallels. Which is repugnant to the Definition of Parallels, Eucl. 
El. Li HEIPC1T, 


IX. Plains, CD and EF, to which the ſame right Line AB is perpendicular, are 
parallel. | 
Figure Conſtruftion.F F you deny this, then let the Plains CD and FE meet, ſo that their com- 
VIII. mon Section be the right Line G H, in which take any Point, as I, and 
draw to it the right Lines lA and I B, in the faid Plains. 
Demonſtration. Whereby in the Triangle IAB, two Angles, namely, I AB and IBA, 
arc right Angles. Which is abſurd, Encl. EL. L. 11. Pr. 14. | 


X. If two right Lines AB and AC, touching one the other, be parallel to two 
other right Lines, DE and DF, touching one the other, and not being in the 
fame Plain with them, the Plains BAC and EDF, drawn / 'y thoſe right 
Lines, are parallel one to the other. 


Figure Co/t7u519.Þ, Rom A draw AG, perpendicular to the Plain E F, and Jet GH and Gl 
Ix. +>: pon toDEand DF; theſe alſo ſhall be parallel tro A B and 
Demonſtration. Therefore ſince the Angles I GA and HGA areright Angles, allo 
CaGand BAG ſhall te righr Angles; therefore G A is perpendicular to the Plain 
BC, bur the ſame is perpendicular to the Plain EF; therefore the Plains BC and EF 

are parallel. Which was, &c. Eucl. EL L. 11. Pr. 15. | 


XL Jf two parallel Plains, AB and CD, Le cut by ſome other Plain HEIGE, 
their common Settions EH and GF are parallel one to the other. 


Figury þR if they be conceived to be otherwiſe, being in the ſame Plain that cuts them, 


they would mcet ſomewhere, it produced; tnppoſe in 1: Wheretore, ave 
| W018 
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whole Lincs HEI and F G1 are in the'Plains A Band CD being produced, the Plains 


alſo ſhall mcet. Cortrary to we Hy jorkeſrs, Eucl, EL L. 11. Po. 


XI. /f two right Lines ALB aud CMD be cut by parallel Pliins, EF, GH, 

and TK, they ſhall be cut proportionally : For as AL (hall be to LB. ſo 

ſhall CM be to MD. | 
Conruttion. ET the right Lines AC and BD be drawn in the Plains E F and I k, Figure 
as allo A D palling through the Plain G H in the Poiat N; and join XL. 
NLand ML. 

Demonſtration. This Plains of the Triangles ADC and AD B mzke the Sections BD 

and LN, and alſo AC and N M parallels : Therefore as AL is to L B, fois AN to 
ND; andas ANisto ND, fois CM to MD. Which was, &c. Eucl. EL L. 11. P. I7. 


XII, 7f a right Line AB be perpendicular to ſome Plain CD, all the Plains ex- 
. tended L y that rizht Line AB (as EF, &c.) (hall be perpendicular to 
the ſame Plain C D. | | 
Cf there be ſome Plain EF drawn by AB, making the SeCtion F G, Figure 
| with the Plain CD; trom ſome Point whereof, as H, draw H 1, pa- x11. 
rallel to A_B, in the Plain E F. 
Demonſtration, "Then ſhall H I be perpendicular to the Plain C D, and fo likewiſe 
any other Lines that are perpendicular to E G. Therefore the Plain E F is perpendicu- 
far to the Plain CD; and by the ſame reaſon, any other Plains drawn by A B ſhall be 
perpendicular to EF. Which was, &c. Eucl. El. L. 11. P. 18. | 


XIV. If two Plains AB and CD, cutting one the other, be perpendicular to ſome 
Plain, as GH, their Line of common Section EF ſhall be perpendicular 
to the ſame Plain GH. 
a 7" the Plains AB and CD are taken perpendicular to the Plain Figure 
GH, it appears ( by Denfinition 64. ) that out of the Point F XU. 
there may be drawn in both Plains, A B and CD, a Perpendicular to the Plain G H, 
which ſhall be but one, and therefore ſhall be the common Section of the ſaid Plains. 
Which was, &c., Eucl. El. L. 11. P. 19. 


XV. if a Solid AB be contained under Parallel P Lains, the oppoſite Plains there- 
of (AG, DB, &c.) are like and equal Parallelograms. 

Conftration, He Plain AC, cutting the parallel Plains AG and DB, makes the Se&i- Figure 
ons AH and DC parallels, and by the fame reaſon AD and HC are XIV; 
Parallels. 

Demonſtration. Therefore ADCH ts a Parallelogram, by the like Argument the 

other Plains are Parallelograms: Wherefore ſeeing AF is parallel to HG, and AD 

twHC, the Angle FAD ſhall be equal to CGH); therefore becauſe AF is equal to 

HG, and ADto HC; and ſo AF is to AD, as HG is to (HC; the Triangles FAD 

and GHC are like and equal, and conſequently the Parallelograms AE and HB are 

like and equal: And the ſame might be ſhewn of the reſt of the oppolite Plains. 7here- 

fore, &c. Wich was, Cc. Excl. EI. L. 11. P.25. | 


XVI. If a Solid Parallelipipedon AB CD be cut by a Tlain EF, parallel to the 
» oppoſite Plains AD and BC; Then as the Baſe AH is to the Baſe EH, ſo 
ſhall the Solid AHD, be to the Solid BHC. 


Conſtruftion.  Higrooanty the Parallelipipedon to be extended on cither Side, and take 41 Fignre 
: equal to AE, and BK equal to EB; and put the Plains IQ and Xy. 
iP parallel to the Plains AD and BC; then the Parallelograms 1 M and AH, DL and 
DG, IQ, AD, EF, &c. are like and equal. 

Demonſtration, Wherefore the Parallel;pipedon AQ is equal to AF, and by the ſame 
realon the Parallelipipedon BP is equal roBF); therefore the Solids IF and EP are as 
Multiplex of the Solids FE and EC, as the Baſes IH and KH, are of the Baſes AH 
and BH. And if the Baſe IH be greater, equal, or leſler than K H, the Solid IE 
ſhall be greater, cqual, or leſs than the Solid EP: And conſequently A H ſhall be to 
BH, asAFtoEC. Which was, &c, Eucl. El. L. 11. P. 25+ Th 
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Figure Demonſtration. 


XVI. 


Figure 
XVII. 


Figure 
XVIII, 


Figure 


XIX. 


Figure 
XX. 
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The ſame may be accommodated to all ſorts of Pri/-ms.: Whence this Corollary, 
If any Priſm whatſoever be cut by a Plain parallel ro the oppolite Plains, the Setion 
ſhall be a Figure. equal and like to the oppolite Plains. 


XVII. If a Solid Parallclipipedon AB Ze cut by a Plain FG CD, draws ty th; 
diagonal Lines DF and CG of the oppoſite Plains AE and HB; th 


< 


Solid AB ſhall be equally biſected by the Plaia FGCD. 


OR becauſe DC and FG are equal and Parallels, the Plain FGCh 

is a Parallelogram, and ſeeing the Parallelograms AE and H B, are 
equal and like; alſo the Triangles A'FD, HGC, CGB, and DEF, are equal ang 
like : But the Parallelograms AC and AG are equal and like to FB and FD; 
therefore all the Plains of the Priſm FGCDAH are equal and like to all the Plaing 
of the Priſm FGCDEB, and conſequently this Priſm equal to that. Which was, &c, 
Eucl. El. L. 11. P. 28. | 


XVIII Selid Parallelipipedons AGHEFBCD and AGHEMLKI, #eing conſt; 
tuted upon the ſame Baſe AGHE, and in the ſame Highth; [i.e he. 


tween the Parallel Plains AG HE and F LKD, and fo underſtand it in 


the Demonſtration :] whoſe in/i/ting Lines AF and AM are placed in 
the ſame right Lines AG and FL, are equal one to the other. 


OR, if from the equal Priſms AFMEDI and GBLHCK, the com. 

mon Priſm NBMPCI be taken away, and the folid AGNEHR 
be added, the Parallelipipedin AGHEFBCD ſhall be equal to the Paraltlipizedon 
AGHEMLKI. Which was, &c. Eucl. El. L. 11. P. 29. 


XIX. Solid Parallelipipedons ADBCHEFG and. ADCBIMLK, Zeing com. 
| ſtituted upon the ſame Baſe ADBC, and in the ſame highth, whoſe in. 
ſifting Lines AH and Al, are not placed in the ſame right Lines, are 

equal one to the other. 


Conſtruftion. TyRoduce the right Lines HEO, GFN, and LMO, KIP, anddraw 
AP, DO, BQ, and CN. 

Demonſtration. "Then ſhall DC, AB, HG, EF, PQ, and ON, he as well equal 
and parallel one to the other, as AD, HE, GF, BC, KL, IM, QN, and P0: 
Wherefore the Parallelipipedon ADCBPONQ ſhall be equal to either of the Paralth- 
pipedons ADCBHEFG, or ADCBIMLK: and conſequently thele two are equal 
one to the-other. Which was, &c. Eucl. EL L. 11. P. 30. 


XX. Solid Parallelipipedons ABCD and EFGL of the ſame highth, are one to 
the other as their Baſes. 


Tp ocece EHI, and make the Parallclogram FI equal to A B, and com- 
pleat the Parallelipipedon F I N M. | 
Demonſiration. It is clear, that the Paralleliprpedon FIN M (which is by conſtrufti- 
on equal to the Parallelipipedon ABCD,) is in proportion to the Parallclipipedon EFGL 
- the Baſis Fl (which is cqual tO AB) is to the Baſis EF. Which was, &c. Eudl. 
ELL E.P. 32, 


XXI. Like So/id Parallelipipedons ABCD and EFGH are in triple Proportion 
one to the other, of that in which their Homologous Sides AI and EK 
are. 


" 
TT nooece the right Lines AIL, DIO, and BIN; and make IL, IO, 

and IN, equal to EK, KH, and KF; and ſo the Parlelipipedon 
IXMT equal and like to the Paralelipipedin EFGH; and let the Paralclipipedons 
IXPBand DLY® be finiſhed. 

Demonſtration. Then ſhall AL be to IL, (equal to ER,) as DI to IO, (cqual to 
KH.) And, as DI is to IO, ſo iSBI toIN. That is, the Parallelogram AD is to 
the Parallelogram DL, as DL is to IX; an DL isto IX, as BO is tol T. Thats 
the Parallelippedon ABCD is to the Parallelipipedon DLQY, as the Parallelipipeaon 
DLQY is to the Parallehpipgedon I X BP: And the Paraltelipivedin D LQY is to the vo 

r llelppipeat 
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rallelipipedon I X BP, as the Parallelipipedon 1% BP is to the Parallelipipedon I X MT, (ce 
qual to the Parallelipipedon E F GH.) Therefore the proportion of ABCD to EF GH 
is triple of the Proportion of ABCD to DLQY; (or of AI to EK.) Which Was, &c. 
Eucl. EL. L. 11. P. 33. 
Corollary. : 
Hence it appears, that if four right Lines be continually proportional; as the firſt 
is to the fourth, fo Is a Paralllzpipedon deſcribed on the firſt, to a Parallelipipedor 
deſcribed on the tecond ; they being like, and in like manner deſcribed. 


XXII. In equal ſolid Parallelipipedons AD, CB, EH, a»d GF, the Baſes and 
Altitudes are reciprocal, (as AD to EH, ſoEGto AC.) And Solid 
Parallelipipedons ADCB aud EHGF, whoſe Baſes and Altitudes 


are reciprocal, are equal. 


adn Let the Sides CB and GE be perpendicular to the Baſes; then if F igure 
the Altitudes of the Solids be equal, the Baſes alſo ſhall be equal, and XX1. 
the thing is clear. But if the Altitudes be uncqual, from the greater take E G, take 
Elequal to AC, and at I draw the Plain I K, parallel to the Baſe EH. Then, 
Demonſtration. 1. Hypotheſis: AD is to DH, as the Parallelipzpedon ADCB is to 
the Parallelipipedon EHIK; and the Paraltelipipedon ABCD is to the Parallelipipedo: 
EHIK, as the Paralelipipedon EHCGF is to the Paralllipipedon EHIK: And as the 
Paralklipipedon E HG F is to the Parallclipipedon EHIK, fois GL toIL: And as GL 
istolL, fois GEtolE, (equalto IF.) lt is plain therefore, that as AD is to EH, 
ſois GE to AC. Which was, &c. 
2, Hypotheſis, ADCB is toEHIK, as ADis to EH; and AD is to EH, as EG 
is to El; andEGis toElI, as GL toIL: And GL is to IL, as the Paralelipipedar 
EHGF is to the Paralllipipedon EHIK. Wherefore the Parallipipedons ADCB 
and EHGF are equal. Which was, &c, Eucl. EL L. 11. P. 34. 
Moreover, Let the Sides be oblique to the Baſes, and erect right Paralclipipedons up- 
on the ſame Baſes, in the ſame Altitude, the oblique Paralclipipedozs ſhall be equal to 
them. Wherefore, ſince by the firſt part of the Demonſtratipn, the Baſes and Alti- 
tudes of thoſe be reciprocal, the Baſes and Altitudes of theſe alto ſhall be reciprocal. 


Witch was, &C. 
Corollary. 


All that hath been demonſtrated of Para/elipipedons ih the'five laſt Theorems, 'dd alſo 
- agree to Triangular Priſms, which are halt Parxlclipipedons,. as appears by the ſe- 
venth foregoing Theorem, TS, | 

1. Triangular Priſms are of equal highth with their Baſes. 

2. If they have the ſame, or equal Baſes, and the ſame Altitude, they art equal. 

3. If they be like, their proportion is treble to that of their Sides of like Proportion. 
4 If they be equal, their Baſes and Altirudes are reciprocal, and if their Baſes and 

6 


Altitudes be reciprocal, they are alſo equal. 


XXII If there two Priſms, ABCFED and GHLMIK, /e of equal alti- 
tude ; whereof one hath its Baſe ABCF a Paralelgram, and the 
other GHM a Trianple : And if the Parallelogram ABCE be doable 
to the Triangle GH M, thoſe Priſms ABCEED aud GHMLIK 


are equal. | 
Demonſtration. FOR if the Parallelpipedons AN and G Q be compleated, they ſhall be Figure 
; F equal, becauſe of the equality of their Baſes ACand GP, and of XX11. 
their Altizudes ; therefore alſo the Priſms (the halves of the Paralchpipedons) ſhall be 
equal. Which was, &c- Eucl, El. L 1 1. P« 40; Ok = =. 
Stholenm. 
From the preceding Demonſtrations, the dimenſion of Triangular Prifins and Qua- 
— Parallelipipcdons 1s learn'd, viz. by multiplying their Altitude into ihe 
Bales. UB «7461 | 


XXIV. Like Poligon Fizzres ABCDE and FGHIK, deſcrited in Circles, 
ABD and F Gl, are in Proportion one to another, as the Squares de- 
ſcribed of the Diametres of the Circles AL and F M. | 


ConflryJijon. D Raw ACand BL; alſo FH and GM, 
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Figure 
XXIV. 


Figure 
XXV. 


Demonſtration. ' Becauſe the Angle ABC is equal to the Angle FGH,-and AB is _ 
BC, asFG is to FH; therefore the Angle ACB 1s equal to the Angle FH G. Bur 
the Angles ABL and F GM are right Angles, and fo equal; therefore the Triangles 
ABL and F GM are equiangular : Wherefore ABis to FG, as AListo FM; there. 
fore ABCDE is to FGHIK, as the Square of A is to the Square of FM. Which 


was, &c. Eucl EL. L. 12. P. 1. 
Corollary. 


Hence ( becauſe AB is to FG, as AL to FM; and AL is to FM, as BC © 
BH, &c.) the Contents of like Polygon Figures deſcribed 1n a Circle, are in pro- 
portion as the Diametres of the Circles. _ | 


XXV. Pyramids ABCDEF aud GHIK LM, conſiſting under the ſame Alti. 
' tude, and having Polygonous Baſes, ABCDE and GHIKL, are one 
to the other as their Baſes ABCDE and GHIKL. 


6/2 | |) own the right Lines AC, AD, and GI, GK. Fz.1. 


Demonſtration. Then is the Baſe ABC to the Baſe ACD, as the Pyramis ABCP ig 
to the Pyramis A CDF: Therefore (by compoſition) ABCD is to ACD, as the 7y. 
ramis ABCDF is to the Pyramis ACDF. But allo ACD is to ADE, as the 7yra. 
mis ACDF is to the Pyrams ADEF: Wherefore, of equality, ABCD is to ADE, 
as ABCDF is to ADEF; and thence (by compolition) ABCDE is to ADE, as the 
Pyramis ABCDEF is to the Pyramis ADEF. Moreover ADE is t&'GKL, as the 
Pyramis ADEF is to the Pyramis GKLM: And inverſely, as before, GKL is to 
GHIKL, as the Zyramis GK LM is to the Pyramis GHIK LM: Wherefore (again 
of equality) ABCDE is to GHIKL, as the -Pyrami: ABCDEF is to the Fyranis 
GHIKLM. Which was, &c. Fig. 2. Yer, 

But if the Baſes have not Sides of” equal Multitude, the Demonſtration will proceed 
thus: The Baſe ABC is to the Baſe GHI, as the Pyramis ABCF is to the Pyramis 
GHIK; and ACDis to GHI, as the Pyramis ACDF is to the Pyramis GHIK: 
Therefore the Baſe ABCD is to the Baſe G HI, as the Pyramis ABCDEF is to the Pyra- 
mis GHIK. Moreover the Baſe ADE is to the Baſe G HI, as the Pyramis ADEF 
is to the Pyrami: GHIK : Therefore the Baſe ABCDE is to the Baſe G HI, as the 
Pyramis ABCDEF is to the Pyramis GHIK. Which was, &c. -Eucl. EL. L. 12. P.6, 


XXVI. In equal Pyramids, ABCD and EFGH, having Triangular Baſes, ABC 
and EFG, the Baſes and 'Altitudes are reciprocal : And Pyramid; 
having Triangwar Baſes, whoſe Altitudes aud Baſes are reciprocal, are 
equal. , ET | 

Demonſtr at MT HE compleated Paralelipipedons ABICDMKL and EFNGHOQOP, 

1. Hypotheſss. | are Sextuple of the equal Pyramids ABCD and EF GH, (either. of 


either, ) aad ſo equal one to the other: "Therefore the Altitude H is to the Aticude D, 
as ABIC is to EFNG: and ABIC is to EFNG, as ABC is to EFG. Which 
was, QC. | 

X- Hypotheſis. The Altitude H is to the Altitude D, as ABCis to EFG; and ABC 
is to EFG, aS ABIC is toEFNG: Therafore the Paraltlipipedons ABICDMKL 
and EFMGHQOP are equal: Conſequently alſo the Pyramids ABCD and E FGH, 


they being ſubſextuple of the ſame, are equal. Which was, &c. Eucl. El. L. 12. P. g. 


The ſame is applicable to Polygonous Pyramids ; for they be in like manner redu- 
ced to I riangulars. | 
Corollary. - 
What ſoever is demonſtrated cf Pyramids does likewiſe agree to any ſort of Priſms, being 
they are 1riple of the Pyramids that bave the ſame Baſe and Altitude with them. - 
Therefore, 
1. The Proportion of Priſms of equal Altitude is the ſame with that of their Baſes. 
2. The Proportion of like Priſms, is Triple of thart of the Sides of like Proportion. 
3. Equal Priſms have their Baſes and Altitudes reciprocal; and Priſms which are 0 
reciprocal are equal. 
Scholium. CEAY 
From what is hitherto demonſtrated, the Dimenſion of any Priſms and Pyramids 
may be collected. 
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xXxVIL 1f a Cylinder AB CD he divided by. a Plain EF, parallel to the oppo- 
_ fite Plains BC and AD; then as one Cylinder AEFD 3s to the 
- - other Cylinder EBCE, ſo is the Axis GI to the AxisTH, _ 
10+ ufion FF HE Axis being produced,” take GK equal'to GI, and HL eaual 7 
Cf 'T | H, equal to LM, and conceive Plains drawn at the bene, K, L XvT 
and M, parallel to the Circles AD and BC. - 

Demonſtration. Therefore the Cylinder E D'is equal to the Cylinder AN, and the 
Cylinder E C is equal to BO, equal '$o.P O: Therefore the Cylinder EN is as multi- 
plex to the Cylinder E D, as the Ax1: IK is of the Axis IG. And in like manner the 
Cylinder FP 1s as Multiplex to the Cylinder. B F;: as' the Axis I M is of the Axis I H: 

But 2s I K is equal, greater, or leſs than IM, ſo is the Cylinder EN equal, greater, 
or leſs than the Cylinder FP. Therefore the Cylinder AEFD is to the Cylinder 
EBCF, as GE is to Il H. Which was, &c. Eucl, El. L. 12. P.13. 


XXVII. Cores, AEB and CFD, and Cylinders, AH and. CK, conſiſting upon 
equal Baſes, AB and CD, are to one another as their Altituddes'ME 
and NF are. | =y | 


Conflrution. HE Cylinder H A-and the Axis M E being produced, take L M, equal Fj 
" T to F N, and at the Point L draw a Plaine parallel to the Baſe A bs. hh. 
Demonſtration. Then ſhall the Cylinder AP be equal to the. Cylinder CK : But the 

Cylinder AH is to the Cylinder AP, (equal to CK,) as ME is to ML, (equal toNF,) 

Which was, &c. Eucl. El. L. 12. P. 14. 
The ſame may be effirmed of Cones, ſubtriple of Cylinders as alſo of Priſms and 


Pyramids. 


XXIX. 1n equal Cones BAC and EDF, and Cylinders BH and E K, the Baſes 
and Altitudes are reciprocal, (as BC to EF, oMD0 LA) And 
Cones and Cylinders, whoſe Baſes and Altitudes are reciprocal, are equal 
one to the other. 


i the Altitudes be equal, then the Baſes are equal alſo, and the thing Figure 
| is evident 3 if unequal, then take away M O equal to LA. - XXVIIL 
1. Hypotheſis. Then as MD is to MO, (equal to L A)3) fo is the Cylinder E K, (equal 
toBH,) toEQ: Andas EK is to FQ,, fo is the Circle BC to the Circle EF. 
Which nas, &Cc. F 
2. Hypotheſis, ASBCistoEF, fo is DM to QM, (equal to LA; ) and as DM is 
to OM, ſo is the Cylinder EK to the Cylinder EQ; andas EKis toEQ, fois BC 
toEF; and as BC is toEF, fo is BH to EQ: Therefore the Cylinder EK is equal 
to the Cylinder B H. Which was, &c. Eucl. EL E. 12.P. 15. | 
The ſame Argument may be uſed for Cones. 


XXX. Spheres BAC and ED F are #n triple Proportion one to the other, of that 
| in which their Diametres BC and EF are. 


om the Sphere BAC be to the Sphere G in triple proportion of that of pjgure 
the Diametre B © to the Diametre EF. | X X1XK. 
Demonſtration. 1 ſay G is equal to EDF : For (if it be poſſible) let G be leſſer than 

EDF, and conceive the Sphere G concentrical with EDF; in the Sphere EDF in- 

{cribe a Polyedron not touching; the Sphere G, and a like Polyedron in the Sphere BAC; 

theſe Polyedrons are in triple proportion of the Diamerres B C and EF, that is, of the 

here BA C and G: Conſequently the Sphere G is greater than the Pplyedron inſcri- 

ded in the Sphere E DF, the part than the whole. Which is abſurd. ; 
Again, If it be poſſible, let the Sphere G be greater than EDF; and as the Sphere 

EDF is to another Sphere H, ſo let G be to BAC; that is, in triple proportion of the 

Diametre EF to BC: Therefore ſince BAC is greater than E, we ſhall incurr the ab- 

ſardity of the firſt part; wherefore rather the Sphere G is equal to E DF. Which 

we, &c. Eucl. El, L. 12. P. 18. | 


- 


Corollary. 
Hence as one Sphere is to another Sphere, ſo is a Polyedron deſcribed in that, to a 
like Polyedron deſcribed in this. 


Qq * XXXI1. A 
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KXXXI. A Perpendicular Line, DF, drawn from D, the Centry ofi a Circle A 0 
\ BC the Side of aPentagon, infcribed m the ſame Circle, as the balf of 

' theſe two \Lines taken together, «(v12. of the +4 rYh&'Hexagon DE, 

544 60) RF '# : : 


ABC. 4 1 91499 els | by 
Conſtrution. Ake FG equal to F E, and draw GC. :&..2 203 0: 7 
Demonſtration. Then CE is <qual' to 'CG;*therefore the Angle CGE is AY : 
CEG, er to ECD; therefore 'the *Anglhe: ECG is equal-to EDC, ny: oy 


'is to DH; whence (by Diviſion) AG is to GB, as DHto HE. Which was, &. 


Figure 
XXXl. 


quarter of ADC, equal to half CED, for half BCD:) Conſequently the Angle GCpn - 
is equal to ECG, equal to EDC: Wherefore DG is equal to GC, {or CE:) 
therefore D F is equal to EE (or DG) and EF, equal to half DEand CE topether, 

Which was, &c. Eucl. El. L. 14. P.1. © * | 2 | 
KXXIL If two right Lines AB and DE be cut. according to extreme dud 'meay 
| Proportion, (as AB to AG, ſo AG to GB; and gs DE to DH, ./o 
DH zo HE;) they ſhall be cut after the ſame manner, namely, inty 

' the ſame Proportion; (as AG to GB, oDHwHE.) | 


A - G B C 
4 KEEL. | | 
ws E423» 
D H E F 
Conftruftion. Ake BC equal to BG, and EF equal to E H: + 


Demonſtration. Then A B multiplied into BG js equal to five Squares of AG; mhere- 
fore the Square of AC is equal to four times A B multiplied in B G, together with the 
__ of AG, which is alſo equal to five Squares of AG, In like manner, the Square 
of DF ſhall be equal to five Squares of DH; therefore AC is to AG, as DF isto 
DH; whence (by Addition) ACand AG is to AG, as DF and DH is to DH; that 
is, twice AB is to A G, as twice DE is to DH: Conſequently AB is to'A G, asDE 


q 


Eucl, EL L. 14. P.2. 


KXXIIL 7he ſame Circle ABD comprehends both AB CDE. the Pentagon of 2 
Dodecaedron, aud LMN, the Triangle of an Tcofaedron in the ſame 
Sphere. | | | 


14248 Þ ar the Diametre A G, and the right Lines AC and CG, andjet 1k 
: be the Diametre of the Sphere, and the Square of l K equal to five 
Squares of OP; and make OP to PQ, as OQ roQP. EA 

Demonſtration. Becauſe the Squares of AC and CG, which-are equal w the Square 
of A G, equal to four Squares of F G, and the Squares of AB, F G, qanq CG, are c- 
qual; thence the Squares of AC and AB are equal to five Squares of FG. Moreover 
becauſe CA is to AB, as AB 1s to CA, wanting AB; and OP to OQ, as OQto 
QP; and ſo CA to OP, as AB ro OQ: therefore three Squares of AC ( or the 
Square of I K) is to five yy of OP, (or the Square of I K,) as three Squares of 
AB, is to five Squares of © Q; therefore three Squares of A B js equal to five Squares 
of OQ. But becanſe ML is the Side of a Pentagon inſcribed in the Circle whoſe Ray 
is OP; thence fifteen Squares of R M, is equal to five Squares of ML, equal to five 
Squares of OP, and 5 of O Q, equal to three Squares of A C, and three of A B, equal | 
to fifteen Squares of F G, Therefore R M is equal to F G, and conſequently the Circle 
ABD is equal to the Circle LMN. Which was, &c. Eucl. El. L 14 P. 3: | 


XXXIV. If from F the Centre of a Circle, encompaſſing the Pentagon of a Dode: 
caedron ABCDE, a perpendicular Line F G be drawn to one Side 
of the Pentagon C D, the Rectangle contained under the ſaid 2 ide 


, 
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CD and the Perpendicular F G, being thirty times taken, is equal 
to the Superficies of the Dodecaedron. Alſo, 

If from the Centre L of a C ircle, inſcribing the T, riangle of an Icoſae- 
dron HIK, a perpendicular Line LM be drawn to one Side of the 
Triangle H K, the Rettangle contained under the ſaid Side H K and 
the Perpendicular L M being thirty times taken, ſhall be equal to. 
the Supcrficies of the Tcoſaedron. 


as Þ Raw FA, FB, FC, FD, FE; then ſhall the Triangles CFD, DFE, Figure 


EFA, AFB, and BFC, he equal. 

Demonſtration. But CD multiplied into FG, ſhall be equal to two Triangles CF D; 
therefore 30 times C D multiplied in GF, hall be equal to 60 times C FD, equal to 
12 Pentagons ABCDE, equal to the Superficies of the Dodecaedron. Which was, &c. 

Conſtruttion. Draw LI, LH, LK. ; 

Demonſtration. "Then HK multiplied in LM, is equal to two Triangles LH K; 
therefore 30 tinies H K multiplied in LM, ſhall be equal to 60 Triangles H L RK, equal 
to 20 times the Triangle IHK, equal to the Superficies of the Jcoſaedron. Which 
was, &c, Eucl. El. L. 14. P. 4. 3; 

Corollary. 
From hence it follows, That as C D multiplied into FG is in proportion to H K multi- 
plied into LM, as the Swpeyficies of the Dodecaedron is to the Superficies of the Tcoſaedron. 


XXXV. The Supecrficies + a Dodecaedron hath to the Superficics of an Icoſac- 
dron inſcribed in the ſame Sphere, the ſame Proportion that H, the 
Side of a Cube, hath to AD, the Side of an Icoſaedron. 


XXXAII. 


Conftrattion.T / ET the Circle AB CD encloſe both the Pentagon of a Dodecaedron, and Figure 


the Triangle of an coſaedron, whoſe Sides are BD and DA; upon XXXIlL - 


which, from the Centre E, let fall the Perpenciculars EF vpon AD, and EG C upon 


DB; and draw CD. ' 
Demonſtration. Becauſe EC and CDis foEC, as EC is to CD; therefore E G 


(or half EC and CD) is to EF, (or half EC,) as EF is to FG, wanting EF, (or half 
CD.) But H is to BD, as BD is to H, wanting BD: Therefore H is to BD, as 
EGis to EF. - Conſequently, Hin EF is equal to BD in EG: Wherefore ſince H is 
wAD, a HinEFistoADinEF; therefore H ſhall beto AD, as BD in EG ſhall 
betoADinEF; and DBin EG ſhall beto ADinEF, as the Superficies of a Dode- 
cararon is to the Superficies of an Icoſaedron, Which was, &c. Eucl. EL. L. 14.P. 5. 


XXXVI. If a right Line AB be cut in Extreme and Mean Proportion, then as 
the right Line BF, containing in power that which is made of the 
whole Line AB, and that which is made of the greater Segment AC, 
is to the right Line E, containing in power that which is made of the 
whole Line AB, and that which is made of the leſſer Segment BC; 
fo is the Side of the Cube BG, to the Side of an Icolaedron BK, in- 
ſcribed in the ſame Sphere with the Cube. 


| "—_ the Circle whoſe Semidiametre is A B, inſcribe BF G HI, the Pentagon Figure 


of a Dodecaedron, and B K L the Triangle of an /coſaedron; wherefore XXXIV. 


BG ſhall be the Side of a Cube inſcribed in the ſame Sphere. 
Demonſtraticn. Therefore the Square of BK is equal to three Squares of A B; and 


the Square of E is equal to three Squares of AC: Therefore the Square of BK is to. 


the Square of E, as the Square of AB is to the Square of A C; and the _ of ABis 
tO the Square of AC, as the Square of BG is to the Square of BF: Wherefore (by inver- 

n) the Square of BG is to the Square of I K, as the Square of BF is to the Square of 
E: Whence BG is to B K, as BF is to E. Which was, &c, : Eucl. EL. L. 14. P. 6. 


XXXVII. 4 Dodecacdron js zo an Icofaedron as the Side of a Cube is to the 
Side of an Icoſaedron, inſcribed in one and the ſame Sphere. 


Demonſtration. Ecauſe the ſame Circle comprehends both the Pentagon of a Dodecac- 
dron, and the Triangle of an 1coſaedron, the Perpendiculars drawn 


from the Centre of the Sphere to the Plains of the Perragon and Triangle, ſhall be equal 
Q.q 2 one 
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Figure 
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* one to another. Therefore if the Dodecaedron and coſaedron be conceived, divid=d into 


mids, right Lines being drawn from the Centre of the Sphere to all the Angles, the 
Altitudes of all the Pyramids ſhall be equal one to the other. Wherefore ſince the 7. 
ramids of equal highth are one to another, as their Baſes z and the Swperficies of the Do. 
decaedron is equal to 12 Pentagons, and the Super fictes of the [coſaedron to 20 Triangles ; 
the Dodecaedron ſhall be to the 1coſaedron, as the Superficies of the Dodecaedron is to the 
Superficies of the Tcoſaedron; that is, as the Side of the Cube is to the Side of the Jcoſac- 


dron. Eucl. EL. L. 14. P. 7: 


XXXVII. Zhe ſame C z+cle BCD E, comprehends both the Square of the Cube 
BCDE, and the Triangle of the Octoedron F GH, 7»ſcrited is 


one and. the ſame Sphere. 


Demonſtration. | ET A be the Diametre of the Sphere. Becauſe the Square of A is e- 
qual to three Squares of BC, equal to fix Squares of Bl; and alſo 


' the Square of A is equal to two Squares of G F, equal to fix Squares of K F; thence 


ſhall BI be equal to KF: Therefore the Circle CBED is equal to the Circle G FH. 
Which was, &c. Eucl. EL. L. 14. P. 8. 


SECT mm © 
Geometrical PROBLEMS. 


I. From a Point ow on high, (as Az) to draw a right Line (AJ,) perpendicular 


to a Plain below as (B C.) 


Conſtreftion. FN the Plain BC draw any Line, as D E, to which from the Point A, 

| [| let fall the Perpendicular AF; and likewiſe draw F H, in the Plain BC, 
cutting the-ſaid Line DE in F: Thea let fall AI, perpendicular to F H, which Al ſhall 
be perpendicular to the Plain B C. - 

Bemonſtration. Through I let K I L be drawn parallel to DE, becauſe DE is per- 
pendicular to AF and FH; therefore D E ſhall be perpendicular to the Plain IF A, 
and ſo alſo K L is perpendicular to the ſame Plain ; therefore the Angle K I A, is a righe 
Angle : But the Angle AIF is alſo a right Angle; therefore Al is perpendicular to 
the Plain BC. Which was to be done. Eucl. El. © 11. Prop. 11. 


IL 1: a Plain given (B C,) at a Point given therein (A,) to eret? a Perpendicu- 
lar Line (AF. 


Conſtrution, [(Rom ſome Point without the Plain, as D, draw D E perpendicular to 
1 the Plain BC, then joining the Points A and E, by a Linc AE, draw 
AF parallel to D E. | 
Demonſtration. It is (by the Conſtruttion) apparent that A F is perpendicular to the 
Plain B C. Which was to be done. Encl. El. L. 11. Pr. 12. 
This and the preceding Problem, are practically performed by applying two Squares 
to the Point given. 


Il. 7o make a Solid Angle M HI K, of three plain Angles, A, B, and C, whereef 
two (howſoever taken) are greater than the third. But it is neceſſary that 
thoſe three Angles be leſs than four right Angles. 


4 AD, AE, BE, BF, CF, CG, equal one to the other, and of 
the ſubrended Lines DE, E F, and FG, (that is, of the Line HI, 
equal to the ſubtendent F G; of the Line H K, equal to the ſabtendent DE ; and of the 
Line K I equal to the ſubtendent EF, ) make the Triangle H 1 K, about which (by the 
23d Problew) deſcribe the Circle L HK I. But becauſe A D is greater than H L, let the 


Square of A D, be cqual to the Squares of H L and L M, and let LM be perpendicular 


to the Plain of the Circle HK1, and draw HM, KM, and LM. Wherefore {ince 
the Angle H LM is a right Angle ; therefore the Square of M H,is equal to the Squares 
of HL and L M, equal to the Square of AD; and therefore M H' is equal to A D. By 

| tne. 
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the ame reaſon, MR, M1, ard AD, (that is, AE, E B, &c.) are equal. Therefore, 
fince HM is equal ro A D, and MI to AE, and ED to HI, the Angle A ſhall be e- 
qual to the Angle HM1, as likewiſe the Angle I M K equal to the Angle B, and the 
Angle HM K& <qual to the Angle C. Wherefore a Solid Angle is made ar M, of the 
three given Plain Angles. Which was to be done. SE 

Demonſtration. A D is aſſumed to be greater than HI, but this 1s manifeſt; for if 
AD be equal or greater than H 1, then the Angle A is equal or greater than the 
Angle H LI; in like manner B ſhall be equal or greater than H L K, and C equal or 
greater than K 1 : Wherefore the three Angles A, B, C, ſhall either be equal to, or ex- 
ceed four right Angles, (contrary te the Hypotheſis.) Therefore rather ler A D be grea- 
ter than H L, Which was to be aemonſtrated. Encl, El, L. 11. Pr. 23. 


IV. pon a 27ven right Line (AB) and at a Point given in it (As) to make a 
Solid Angle AHI K, equal to a Solid Angle given, CDEF. 


Cofrudtion. i Rom ſome Point (as F) of the given Angle, draw F G perpendicular to Figure 
the Plain DCE, and draw the right Lines DF, FE, EG, GD, and IV. 

CG; make A H equal to. CD, ard the Angle HAI equal to EDC, and Al equal 

wCE; and in the Plain H A 1, make the Angle H A K equal to DCG, and A K equal 

toCG. Then erett K L perpendicular to the Plain HAI, and let K L be equal to 

GF, and draw AL. "Then AHIL ſhall be a Solid Angle, equal to the Solid Angle 

ven CDEF. hich was to be done. Eucl. El. L. 11. P. 26. | 
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V. Upon a right Line given (A B) to deſcribe a Parallelipipedon AK, like, and 
in like manner ſituate with a Solid Parallelipipedon given, (C D.) 


Coftrution. F the Plain Angles BAH, HAI, and BALI, which are equal to Figure 
FCE, ECG, and F CG, make the Solid Angle A, cqual to the So- V. 

ld Angle C. Alſo make FC toCE, as BA to AH, and CE to CG, as AHto Al, 
(yhence of equality FC isto CG, as AB to Al) and ſo finiſh the Paralllipipedos 
AK, which ſhall be like to that which was given CD. - : 

Demonſtration. For by the Conſtruction, the Parallelogram B H is like to FE, and 
Hl to EG, and BI to FG; and ſo the oppolites of theſe, to the oppoſites of 
them. Therefore the ſix Plains of the Solid A K, are like to the fix Plains of the So. 
ths and conſequently A K and CD are like Solids. Which was to be done. Eucl. 

33. 3; 27. 


VI. Two unequal Circles (AB C G, aud DEF) having the ſame Centre (M,) to 
inſcribe in the greater Circle (ABCG) a Polygon Figure of equal and e- 
ven fides, which ſhall not touch the leſſer Circle (DEF.) 


wand © the Gentre M draw the Line A C, cutting the Circle DE F Figure 

-  inF; from F raiſe a Perpendicular F H. Divide the Semicircle ABC VI: 

ito two equal Parts in B, and the half thereof BC in, and ſo continually, till the 

arch IC become leſs than the Arch H C, from I let fall the Perpendicular I L. 
Demonſtration. It is manifeſt that the Arch I C meaſureth the whole Circle, and that 

the Number of Arches is even, and ſo that the ſubtended Line I C is the fide of the 

Pahzox, that may be inſcribed without rouching the leſſer Circle DEF. For HG 

— bicheth the Circle DE F, to which IK is parallel, and placed outwardly ; wherefore 

[K does not touch the Circle DE F, much leſs do Cl or CK, and the other ſides of 

= Palggon, more remate from the Centre. Which was to be done. Eucl. EI. L. 12, 

« 16, 


# ending / ARES 4c One nes ” © RY 


IS CIS Gon 4.4 et - 
4 


{ 
| 
: 


— 
/: ole re 


3 - 
: S 
$ i 
F - 
F : 
+ 
6 x 
by : 
? [y 
f en 
*+ 3 
" 1 
#, = 
I 
% : "4 
i: 
£ $4 
? ? 
in 
Fo 4 
; ff 
- 6 
: . 
iF* 
2 $ 
« { 
£ 
F di 
5 
þ 
= 
E 
o : 
| - 
f . 
= 
I 
gz - 
»-. © : 
2 7 
m 


ow: wu 1 reed. 
05 © > 05" a 
ps - . 1 Spas Rr 


ns Corollary. 
Obſerve that I K toucheth not the Circle DEF. 


VILL 7wo Spheres ABCV, and EF GH, conſiſting about the ſame Centre D, 
being given, to inſcribe a Solid of many Sides (or Polyedron) in the grea- 
_ Sphere AB CV, which ſhall not touch the Superficies of the leſſer Sphere 

F GH. 


fruition. E T both the Spheres be cut by a Plain paſſing by the Centre, making Figure 

l. *— the Circles EFG Hand ABCV, and the Diametres AC and BY VII. 
"WD, cutting perpendicularly. In the Circle ABCV inſcribe the equilateral Po- 
lygon 


RW J— 3 tt. _ 
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lygon V MN L C, &c. not touching the_Circle EF GH. Then draw the Diametre 
N 4, and eret D O perpendicular to the Plain ABT. By DO, and by the Diametres 
AC and N 4, conceive Plains, D O G and D O N, erected, which ſhall be perpendicular 
to the Circle ABCV; and ſo in the Superficies of the Sphere, make the Quadrants 
DOCand DON, in which let the right Lines CP, PQ, QR,RO,andNS, ST, 
Ty, g O, be fitted, equal, and of equal multitude with CN, NL, &c. make the ſame 
Conſtruftion in the other Quadrants O L, O M, &c. and in the whole Sphere. Then 
I fay the thing required is done. : | 

Demonſtration. From the Points P and S, to the Plain A BC V, draw the Perpendi- 
culars PX and S Y, which ſhall fall on the Sections AC and N a. Therefore, be- 
cauſe both the right Angles PXC, SYN, and PCX, SNY, inliſting upon equal 
Circumferences, are equal, the Triangles alſo PCX andSNY, are equiangular : 
Wherefore ſeing PC is equal to SN, alſo PX is equal toSY, and XC equal to 
Y N; whence DX is equal to DY, and therefore, as D Xis to XC, ſoisDY to YN: 
therefore Y X and NC are parellel. But becauſe PX and SY are equal, and fince 
being Perpendicular to the ſame Plain ABC V, they are alſo parallels; therefore Y X 
and SP ſhall be equal and parallel. Whence SP and NC are parallcl one to the 0. 
ther, and ſo the Quadrilateral NCPS, and by. the ſame reaſon $ PQT, and 
TQRG, as alſo the Triangle g R O, are ſo many Plains. In like manner the whole 
Sphere may be ſhewn full of tuch Quadrilaterals and Triangles ; wherefore the Figure 
inſcribed is a Polyedron. ER 

From the Centre D draw D Z, perpendicular to the PlaimNCPS, and join ZN, 
ZC, ZS, and ZP, becauſe DN 1s toNC, as DY isStoYMX, thence NC is greater 
than Y X (or SP) and likewiſe S Þ greater than T Q, and I Q greater than yg R. 
And becauſe the Angles DZC, DZN, DZS, and DZP are right, and the Sides 
DC, DN, DS, and DP equal, and DZ common ; thence ZC, ZN, ZB, and ZÞ, 
are equal 6ne to the other; and conſequently, about the Quadrilateral NCPS, a 
Circle may be deſcribed, in which (becauſe NS, NC, and CP are equal, and NC 
greater than $ P.) N C ſubtends more than the Quadrant; therefore the Angle N ZC, 
at the Centre, is obtuſe, and therefore. the —_— of NC is greater than twice the 
Square of Z C, for it is equal to the Squares of ZC and ZN. Let NI be drawn per- 
pendicular to AC; therefore, ſince the Angle ADN (or the Angles DNC and 
D CN) is obtuſe, the half of it D C N, ſhall be greater than the half of a right An- 
gle; and ſo that which remains of the right Angle CN [, ſhall be leſs than it; whence 
IN is greater than Il C. Therefore the Square of NC (or the Squares of NI and - 
IC) is leſs than twice the Square of I N; therefore I N is greater than Z C, and con- 
ſequently, D Z greater than DI ; but the Point 1, is without the Sphere E F G H, and 
ſo much more the Point Z; wherefore the Plain NCPS (whoſe next Point to 
the Centre is Z) does not touch the Sphere EF GH. And ifa Perpendicular D & be 
drawn to the Plain SPQT, the Point o, and ſo all the Plain S P QT, is yet farther 
removed from the Centre ; which is alſo true in the other Plains of the Polyedron. T here- 
fore the Polyzdrov OR Q P CN, &c. inſcribed in the great Sphere, docs not touch 
the leſſer Sphere. Which was to be done. Eucl. El. 12.P. 7. 

| Corollary. 

Hence it follows, Thar if in any other Sphere a Solid Polyedron, like to the aboveſaid 
Polyedron be mſcribed, the proportion of the Polyedron in one Sphere, to the Polycdron 
in the other, is triple of that of the Diametres of the Spheres. 

For if right Lines be drawn from the Centres of the Spheres, to all the Angles of 
Baſes of the ſaid Polycdrons, then the Polyedrons will be divided into Pyramids, equal 
in Number, and like, whoſe Homologous Sides are Semidiametres of the Spheres, as ap- 
pears, if the leſſer of theſe Spheres be conceived deſcribed within the greater about 
the ſame Centre. : 

For the right Lines drawn from the Centre. of the Sphere to the Angles of the Ba- 
ſes, will agree one to the other, by reaſon of the likeneſs of their Baſes, and ſo will 
like Pyramids be made. Wherefore, ſince every Pyramid in one Sphere, to every-Py- 
ramid like it in the other Sphere, hath proportion Triple to that of the Homologens 
Sides, that is, of the Semidiametres of the Spheres, and as one Pyramid is to one Py- 
ramid, ſo all the Pyramids (that is, the Solid Polydron compoſed of theſe) are to all 
_ the Pyramids ; thatis, the Solid Polyedron compoſed of the others ; therefore 

the Polyedro of one Sphere, ſhall have to the Polyedron of the other Sphere, pro- 
portion Triple of thar of the Semidiametres, and fo of the Diametres of the Spheres. 
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VII. Zo deſcribe a P 'yramid 'EGF1I, ant comprehend 7 "WR a Sphere given; aud 
to demonſtrate that the Diametre of the Sp 
tera of the Side-EF of the Pyramid EGFT. 


Bout AB deſcribe the Semicircle ADB; and let A 
'wice CB; froit the Point'C-erett the Perpendicular- 
; then at the -interval of the'R 
Circle HE F G, wherein inſcribe the equalateral Trigngle 
equal t6/C A, perpendicular to the Plain E F'G ;' prodace I H to. K, ſo that 1K may 
ght Lines I E, IF, and IG; fo ſhall EFGI be the 


Conſtruttzon. 
pin. A D and D B 


be equal- to A B, and join the ri 
Pyramid required. - - 


- Demonſtration. 


1. The Square'of A B is to the Square of HE, as 9 is to 2: 


For that the Angles ACD, IHE, IHF, and I HG, are right An- 
de; and CD, HE, HF, and HG, equal, and 1H equal to AC: Therefore A D, 
[E, IF, and 1G, ſhall be equal among themſelves. 
CB) is to C B, as the Square of AC is to the Square of D C; thence ſhall the Square 
of AC be equal to twice the Square of C D; therefore the Square of A'Dis-equal tb 
the Squares of ACand CD; which is alſo equal to thrice the 
thride the Square of HE,” equal to the Square of EF; and therefore A 
IF; and IG, are equal; and fo the Pyramid E FGT is equilateral. 

But if the Point C be placed upon H, and AC upon HI, the right Lines 
[H ſhall agree, as being equal: Wherefore the Semicircle ADB being drawn about 
the Aris AB or IK, ſhall palſs'by the Points E, F, G; and fo the P 
ſhall be- inſcribed” in a Sphere. 

Alſo it is manifeſt, That the Square of AB is to,the Square of A D, 
AC;and BA is to BC, as 3 is to 2. 


Which was, &c. 


Corollary. 


be pur 9, then the Square of A C (equal t 
 " conſequently the Square of H E ſhall be 2. 


2: f L be the Centre, then ſhall AB be toLC, as6 tor: 

AL hall be 3, and thence A Cy ; wheretore L C ſhall be 1.' Hence, ; > | 
} ABisto HI, as6isto4; andGis to 4, as 3 is to 2. 
4+ The Square of AB is to the Square of HI, as 9 is to 4. 


IX. 7o deſcribe an Oftacdron KEFGDL, and comprehend it A the given 
Sphere where a Pyramid is; and'to demonſtrate that AH, the Diame- 
' tre of the Sphere, is in power double of AC, the Side of the Oftacdron. 


Bout AH deſcribe; the Semicircle ACH ; and from the Centre B' e- Figure 

reft the Perpendicular BC, and draw HC and AC; then upon E D, 
qual to AC, make the,Square EF G D, whoſe Diametres FD ang E G, cut in the Cen- 
te I; From 1 draw IL, equal to A B, perpendicular to the Plain EF GD; produce 
equal to I L, and join KE, KF, KG, KD, LE, LF, LG, and 

LD; then ſhall KEF GD L be the Ofaedron required. 
| For AB, BH, FI, IE, &c. being Semidiametres 
e equal one to the other z whence the Baſes LF, LE, FE, #c. of the right angled 
Triangles LIE, LIF, FIE, &. are equal; and conſequently the eight, Triangles 
LFE, LFG, LGD, LDE, KEF, KFG, KGD, and KDE, are equilateral ; 
ad make an OfZaedren which may be inſcribed in a Sphere, whoſe Centre is I, and I L, 
TAB the Radius, (becauſe AB, IL,-IF, IK, &c. aree 

Moreover it is evident, that the Square of AH (or K 
TAC (or LD.) IWhich was ro be demonſtrated. Eucl. EL. L. 13. P. 14. 


Confirnttion, 


ILwK, till IK be 


Demonſtration, 


Hence it is manifeſt, That, 1. In the Ofaedron the three Diametres BG, FD, and 
LK, do cut one the other perpendicularly in the, Centre of the Sghere. 

2- The three Plains EFGD, LEKG, and LFKD, are Squares cutting one ano- 
ther perpendicularly. | | 

3. The Otaedron is divided into two like and equal Pyramids, EFGDL ard 
EFGDK; whoſe $mmon Baſe is the Square EFGD. 


4. The oppolite Baſes of the Ottaedron, are parallel one to the other. 


Corollary. 


here AB is in*powver felquial- 


be equal to Figure 
ne CD, and. 
nal to C D, deſcribe the 
FG; from H erect IH, 


But ſeeing A B (equal to twice 


Square of CD, qual to 
D, EF, IE, 


yramid -E FGI 
Ec ELL 13: P: 13. J 
as BA is to 


For if the Square of A B 
o the Square of EF) ſhall beg; and 
For if A'B be put 6, then 


of equal Squares, 


1al,) Which was to be done. 
is equal to-twice the Square 
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X. To deſcribe a Cube EF GHIKLM, ard comprehend it in the ſame Sphere 
wherein the former Figures were ; and to demonſtrate that AB the Diame. 


tre of the Sphere, is in power triple to EF, the Side of that Cube. 


Conſtrution} JPon AB deſcribe the Semicircle ABC, and make AD one third part 

| of AB; from D raiſe the Perpendicular DC, and join CB and CA: 
Then upon. EF, being made equal to AC, make the Square EF GH; upon whoſe 
Plain let. the right Lines ET, F K, HM, and GL, ſtand perpendicular, and all of them 


nalto EF; then connet them with the right Lines IK, KL, LM, and 1M, [The | 


Salid EFGHIK LM is a Cube, as ſufficiently appears from the ConſtruCtion. 

-ln the oppoſite Squares, E FKI and HGLM, draw the Diametres EK, FI, and 
HL, MG; by which let the Plains EKLHand FIM G be drawn, cutting one ano- 
ther in the Line N ©, which ſhall divide the Diametres of the Cube EL, F M, Gl, 
and H K, into two equal parts in the Point P, the Centre of the Cube. 

Demonſtration. T herefore P ſhall be the Centre of the Sphere paſſing by the angular 
Points of the Cube. Moreover, the Square of EL is equal to the Squares of EK and 
K L, or three times the Square of K L, equal to the Square of AC. But the Square of 
AB is to the Square of AC, as BA 1s to DA; and BA is to DA, as three is to 1. 
Therefore AB is equal to E L, wherefore we have made a Cube, &c. Which was, &c. 
Eucl. El. L. 13. P. 15. | 

Corollary, * 

1. Hence it is manifeſt, That all the Diametres of the Cube are equal one to the 0- 

ther, and do equally biſect one another in the Centre of the Sphere; and by the 

ſame means, the right Lines which conjoin the Ceatres of the oppoſite Squares, 
are equally biſefted tn the ſame Centre, 

2. The Diametre of a Sphere containeth in power the Side of a Tetraedron, and of a 

Cube, viz. the Square of AB is equal to the Squares of B C and AC. 


XI. 7o deſcribe an Tcoſaedron ZGHIKFYVXRST, and to incompaſs it in the 


Sphere wherein were contained the foreſaid Solids; and to demonſtrate that 
FG, the Side of the Icolaedron, is that irrational Line which is called a 


Minor Le. | 
\ norms F| rhe AB, the Diametre of. the Sphere, deſcribe the Semicircle ADB, 


make BC to be one fifth part of BA; then from C erect the Per- | 


pendicular CD, and draw AD and BD. 

At the diſtance of E F, equal to BD, deſcribe the Circle EFK NG, wherein inſcribe 
the equilateral Perragon FRIHG: Divide equally into two parts the Arches F G, 
G H, &c. and join the right Lines FL, LG, &c. being the Sides of a Decagon: Then 
ere&t EQ, LR, MS, NT, OV, and PX, equal to PF, and perpendicular to the 
Plain FKNG, and conne& RS, ST, TV, VKX, XR; as alſo FX, FR, GR, GS, 
HS, HT, 11, IV, KV, and KX: Laſtly, produce EQ, and take QY, equal to 
FL, and EZ :qualto FL; and conceive the right Lines ZG, ZH, Zl, ZK, and ZF, 
to be drawn; aSalſoYV, YX, YR, YS, and YT; ſo is the [coſaedron made. 

| Demonſtration. For lgcauſe EQ, IR, MS, NT, OV, andPX, are equal and pa- 
rallel ; alſo thoſe Lines that join them, EL, QR, EM, QS, EN, QT,.EO, QV, 
EP, and QX, are cqual and parallel; and thence likewiſe LM, (or F G,) RS, MN, 
ST, &c. are equal one to the other ; therefore the Plain drawn by E L, EM, &c. is 


_ diſtant equally from the Plain paſſing by QR, QS, &c. and the Circle QYRSTV, 


drawn from the Centre Q, is equal to the Circle EPLMNO, and RSTVX, isan 
equilateral Pentagon. 

But EF, EG, EH, &c. and QX, QR, Qs, &c. being conceived to be drawn; 
then becauſe the Square of FR is equal ro the Squares of F I: and LR, or the Square 


_of EF equal to the Square of FG; therefore F K and FG, and foalſoRS, FG, FR, 


RG, GS, GH, &c. ſhall be equal one to the other ; and conſequently the ten Trian- 
gles RFX, REG, RGS, &c. are equilateral and equal. Moreover, becauſe X QY 
is a right Angle, therefore the Square of X Y is equal to the Squares of X Q and YQ, 
equal to the Square of V X or FG: Wherefore X Y and V X, and likewiſe Y V, YT, 
YS, YR, ZG, ZH, &c. are equal z therefore other ten Triangles are made equilate- 
ral and equal, both to one another, and to the ten former. 


Moreover, 
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Moreover, Divide EQ equally in W, and draw the right Lines WF, W X, W v, 
and becauſe Q MX is equal to Q V, and W Q, the common Side; and FQX and EQV 
are right Angles 3 therefore W X ſhall be equal to W V : And by the ſame reaſon, all 
the Lines WX, WR, WS, WT, WV, WF, WG, WH, WI, and WK, are 
all equal. But becauſe ZQ is toQE, asQE is to ZE, therefore the Square of Z W 
js equal to five times the Square of E W, equal to the Squares of EQ (or EF) and 
EW, equal to the Square of W F: Therefore Z W is equal to WF. In like man- 
ner, W F is equal to Y W ; therefore the Sphere whoſe Centre is W, and W F the 
Ray, ſhall paſs by the twelve angular Points of the /coſacaron. 

Laſtly, Becauſe ZW isto EW, as ZY istoQE; and fo the Square of Z W is to 
the Square of W E, as the Square of Z Y is to the Square of QE : Therefore the Square 
of ZY is-equal to five times the Square of EQ or BD. But the Square of AB is to 

Square of BD, as AB is to BC; and ABisto BC ass5 to 1: Therefore ZY is 
equal to A B. Which was to be done. 

Therefore if A B be put irrational, then E F, equal to the y/ of the Square of A B, 
ſtall be alſo irrational ; and conſequently F G, the Side of the Penragor, and likewiſe 
of the Icoſacdron, is a minor Line. ich was to be demonſtrated. Eucl. EL L.13.P. 16. 

Corollary. | 

1, From hence is inferred, That the Dievctes of the Sphere is in power quintuple 
of the Semidiametre of the Circle encompaſling the five Sides of the /coſacdron. 

2. Alſo it is manifeſt, 'That the Diametre of the Sphere is compoſed of the Side of 
a Hexagon; that is, of the Semidiametre, and two Sides of the Decagon of a 
Circle encompaſling the five Sides of the 1coſaedron. 

3, It appears likewiſe, That the oppoſite Sides of an Tcoſaedron, ſuch as RX and 
HI, are parallel : For R X is parallel to L P, which is parallel to HI. - 


Xl To deſcribe a Dodecaedron, and comprehend it in the Sphere wherein the 
former Figures were comprehended ; and to demonſtrate that the Side R$ 
of the Dodecaedron, is an irrational Line of that ſort, which is called an 
Apotome, or Reſidual Line. | 


nom © AB be a Cube inſcribed in the given Sphere, and let all the Sides Figure 


thereof be divided equally in the Points E, H, F, G, K, L, &c. and 
pin the right Lines KL, MH, HG, and EF; alſo make HI to beto1Q,, as I'Q is 
wQH; and take NO and NP, equal toIlQ; then ereft OR and PS, perpendicular 
tothe Plain DB, and QT to the Plain AC; andlet OR, PS, QT, be equal tolQ, 
NO, NP; whence DR, RS, SC, CT), and TD, being conneted, DRSCT 
ſtall be a Pentagon of the Dodecaedron required : For draw N V parallel to OR, and 
taviog drawn N V out as far as the Centre of the Cube X,' join the right Lines DS, 
DO, DP, CR, CP, HV, HT, and RX. 

Demonſtration. Becauſe the Square of DO is equal to the Squares of DK (or K N) 
ad KO, equal to three times the Square of ON, (or OK; ) thence the Square of 
DR is equal to four times the Square of OR, equal to the Square of OP, or RS; 
therefore DR is equaltoRS; and by the ſame reaſon DR, RS, SC, CT, and TP, 
are equal. But becauſe OR is equal and parallel to P'S, therefore RS and OP, and. 
conſequently R S and C D ſhall be alſo parallel; therefore theſe, with them that con- 
pin them, DK, CS, and VH, are in one and the ſame Plain, Moreover, becauſe 
HlistolQ, aslQ is to QH; and 1Q is to QH, as HNistoNV; and both TQ, 
HN, and QH, NV, are perpendicular to the ſame Plain; and ſo likewiſe Parallels 
THV ſhall be a right Line; and therefore the Trapeziam DRSC, and the Triangle 
DT'S, are in one Plain extended by the right Lines DC and TV; and DCTSR 
8 2 Pentagon, and that alſo equilateral. Farthermore, becauſe PK is to KN, as KN 
$t0NP; and the Squate of DS is equal to the Squares of DP and P'S, (or PN, ) 
equal to the Squares of DK, PK and NP; thence the Square of DS is equal to the 
ure of DK and three Squares of K N, equal to four Squares of DK, (or DH, ) 
©qual to the Square of DC; therefore DS is equal to DC; whence the Triangles 
DRSand DC T are equilateral one to the other, and the Angle DRS equal to the 
angle DCT, and likewiſe the Angle CSR equal to the Angle DCT ; therefore the 
Pemagon DT CSR is alſo equiangular. Moreover, becauſe AX, DX, CX, &c. are 
*midiametres of the Cube, thence XN is equal to IH, (or KN,) and ſo V X equal 
OKP; wherefore becauſe RV X is a right Angle, thence the Square of RX is equal 


19 the Squares of X V and R V, (or NP,) equal to L.. Squares of K P and NP, equal 
r ro 
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times the Square of K N, which is equal to the Square of AX, or DX, &«. 
ere RX, AX, and D X, and (by the ſame reaſon) XS,XT, and AX, are equal 
e other. 
ind by the ſame method whereby the Pentagon D T C'S R was made, twelve like 
Pentagons touching the twelve Sides of the Cube, be made, they thall compoſe a Dode= 
caedron ; and a Sphere paſſing through their angular Points, whole Ray is AX, or RX ) 
ſhall comprehend that Dodecaeadron. Which was to be done. : 

Laſtly, Becauſe KN is to NO, as NO is to OK; thence KL is to OP, as OP is 
toOK and PL : Therefore if AB, the Diametre of the Sphere, be ſuppoſed irrational, 
then ſhall KL, equal to one third part of the Root of AB, be alſo irrational ; whence 
OP or RS, the Side of the Dodecaedron ſhall be a reſidual Line. Which was to be demon. 
frrated. End. EI. L. 13. ÞP. 17. 

Corolary. 
From this Demonſtration it follows, thar, 

1. If the Side of a Cnbe be cut in extreme and-mean Proportion, the greater Sepe 
ment ſhall be the Side of the Dodecaedron deſcribed in the ſame Sphere. 

2. If the leſſer Segment of a Line cut in extreme and mean Proportion, be the Side 
of the Dodecaedron, the greater Segment ſhall be the Side of the Cube inſcribed 
in the ſame Sphere. BE : | 

3. It is alſo manifeſt, That the Side of the Cube is equal to the right Line which 
ſubtendeth the Angle of a Pentagon of the Dodecaedron inſcribed in the fame 


Sphere. 


XIII. Zo find out the Sides of the five precedent Fignres, and compare them to 
gether. 


Figure { phoage ag AB be the Diametre of the Sphere given, and AEB the Semicircle; 


let AC be made equal to half AB, and AD to one third part of AB; 
then ereCt the Perpendiculars CE and DF, and alſo BG equalto AB; join AF, AE, 
BE, BF, and CG; and let fall the Perpendicular H I from H, the Point of interſeti- 
on; and CK being taken equal to CI, from K erect the Perpendicular K L, and join 
AL: Laſtly, make AF in proportion to AO, as AO is to OF. FOE 

Demonſtration. Therefore as 3 is to 2, ſo is AB to DB; and as ABtoDB, fo is 
the Square of A B to the Square of BF, the Side of the Tetraedron. 

And as 2 isto 1, fo is ABto AC; andas AB to AC, ſo is the Square of AB to the 
the Square of the Side of the Otaearon. | 

| Alſo, as 3 isto1, fois AB to AD; and as AB to AD, ſo is the Square of AB tb 
the Square of A F, the Side of an Hexagon. 

Moreover, Becauſe as AF is to AO, fois AOto OF; thence ſhall A O be the Side 
of a Dodecaedron. 

Laſtly, As BG (or twice BC) is to BC, ſo is HIto I C; therefore H I is equal to 
twice Cl, equal to K1: therefore the Square of H I is equal to four times the Square 
of CI; conſequently the Square of CH is equal to five times the Square of Cl; there- 
fore the Square of A B is equal to five times the Square of K I; therefore K I, or Hl, 
Is a Ray of a Circle encloting the Pentagon of an Icoſaedron; and AK, or 1B, is the 
Side of a Decagor inſcribed in the ſame Circle ; whence AL ſhall be the Side of a Per- 
zagon, and alſo the Side of an /coſaedron. Eucl. El. L: 13.P. 18. 

| . Scholium. 

Hence it is very apparent, That beſides the Five aforeſaid Figures, there cannot be 
deſcribed any other regular Solid Figure, (viz. ſuch as may be contained under 
ordinate and equal plain Figures; ) for, 

Three plain Angles (ar leaſt) are required to the conſtituting of a Solid Angle, all 
which muſt be leſs than four right Angles : But fix Angles of an equilateral Tris 
angle, four of a Square, and fix of a Hexagon, do ſeverally cqual four right Angles; 
four of a Pentagon, three of a Hepragon, three of an Ottagon, &c. do exceed four 
right Angles: Therefore only of three, four, or five equilateral Triangles, of 
three Squares, or three Pertagons, it is poſſible to make a Solid Angle : Where- 
fore belides the five above mentioned Solid Bodies, there cannot any other Re- 
gular Body by formed. 
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The Superficier of Fhe greater Carge TTOUITMTTT T—=3daeKy 9 
The Superficies of the Sphere — ortho 4A'2 5663 
The Solidity of the Sphere —— ————— ————TT—— 87 þ1 
The Side of the Terr aedron CR TT —T ITT > i 4-622940 
The; Super fictes of the Terrardroy— ———T er rr” me ES, 
The Solidity of the Terraegron——r ——— —————— "N..liF13z 
The Side of the Hexaedron, or Cube, — #6 oy — $47 
The Swperficies of the Hexaedron - ——— 8, 
The Solidity of the Hexaedron — —— ———— ———--+ 115896; 
The Side of the Octacaron m—_ mn One Ruger po —_—— 1421: 
The Super, es of the Otaegron ———c__p_—___ 2 
The Solidity of the Oftaedrow —— ———— ——————— 4333\3:3: 
The Side of the Dodecaedron _— — 0.1.64 
\ The Superficies of the Dodecaedron —_ I———— CF — — cz 
The Solidity of the Dodecaedron———— —— n—— 2.76 
The Side of the /coſaedron — — -" 1.05146 
The Super ſicies of the Icoſaedron _ — 9.57454 
The Solidity of the [coſardron ——— —— —— —— —- 2.53615 


NIV.-In a Cube given, ABGHDCFE Fo deſcribe a Pyramid, AGEC. 


Cmfrudtion. T7 Rom the Angle C draw the Diametres CA, CE, CG, and connect them Figure 
with the Diametres AG, GE, E A, whichare equal among themſelves. XIV. 
Demonſtratzon. For that all of them are the Diametres of equal Squares, therefore 
the Triangles CAG, CGE, CEA, and EAG, are equilateral and_cqual;_ and con- 
quently, AGE C is a Pyramid, which inſiſts upon the Angles of the Cube, and there- 
fore is inſcribed in the ſame. Which was, &c. Eucl. El. L.15.P. 1. | | 


XV. In a Pyramid given, ABDC, to deſcribe an Octaedron, EGKIFH. 


Cofirution. ry Iſeft-the Sides of the Pyramid in the Points E, 1, F, K, G, H, which Figure 
join with the right Lines EF, FG, GE, &c. XV. 

Demonſtration. Foraſmuch as theſe are all equal one to the other, conſequently the 

eght Triangles EHI, IH K, &c. are equilateral and equal, and fo mgke an Octaedron 

(ſcribed in the given Pyramid. Which was, &c. Eucl. El. L.15. P. 


XVE In.a given Cube CHGBDEFA, to i»ſcribe an Oflaedron NP Q SOR. 


(mftruftion. FN Onnett the Centres of the Squares N, P,Q,'S, O, R, with the twelve Ficure 
| right Lines NP, PQ, Qs, &c. XVI. 
Demonſtration. All theſe being equal among themſelves, do. make eight equal and 
Quilateral Triangles z wherefore the Otaedron NPQSOR is inſcribed. in the given 
Cube. Which was, &c. Eucl. El. L. 15. P. 3. 


XVI. 1» a» Otacdron given, ABCDELF, to inſcribe a Cube. 


Conſtr uftion. | ET the Sides of the Pyramid EAB CD), whoſe Baſe is the Square ABCD, Figure 
b2 equally biſeCted by the right Lines LM, MN, NO, and OL. XVII. 
"Demonſtraticn. All thele are equal and parallel to the Sides of the Square ABCP,” 
Wherefore the Q1adrilateral LM N O is a Square. In like manner, if the Sides of the 
$quare LM N O be equally biſected in the Points G, H, K, I, and GH, HK, IK, IG, 
conneCted, G H I K ſhall be a Square. And it in the other five Pyramids of the Otae- 
an, the Centres of the Triangles be in the ſame fort connected with right Lines ; 
then other Squares will be deſcribed like and equal to the Square G HK 1: Whgrefore 
kx ſoch Squares ſhall make a Cube, which ſhall be deſcribed within an O#aedror, for 
Wat its eight Angles touch the eight Paſes of the Otaedron in their Centres. 1lWhich 
v4, &c. Eucl. EL L. 15. P. 4. | 
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XVIIL 4 an Icofacdron given to inſcribe a Dodecaedron. 

Figure Conſtru#ion. | ET ABCDEF be a Pyramid of the /coſaedron, whoſe Biſe is the 

XVIII Pentagon, A BCD E, and the Centre of the Triangles G, H, 1, K, 


which connect with the right Lines GH, HI, IK, KL, and LG, then fi? 


GHIKL, be a Pentagon of the Dodecaedron to be inſcribed. 


ftration. For the right Lines F N, FO, FP,FQ, paſſing by the Centres of the | 


Triangles, do equally divide their Baſes into two Parts; therefore the right Lines 
MN, NO, OP, PQ, and QM, are equal one to another, whence: alſo the Angles 
MFN, NFO, OFP, PFQ, and QFM, are equal; therefore the Pema 

GHIKL, is equiangular, and conſequently equilateral, being F G, FH, FI, Fx, 


and F L,, are equal. And if in the other eleven Pyramids of the 1coſaedroy, the 


Centres of the Triangles hy in like ſort connected by right Lines, then will Perragons 
equal and like to the Perragon G HI K L, be deſcribed. Wherefore twelve ſuch Pey. 
2agons ſhall conſtitute a Dodecaedron, which alſo ſhall be deſcribed in the. Jcoſaedroy, 
gles or Baſes of the Icoſaedron ;, whereby it appears, that a Dodecaedron is deſcribed in 
an /coſacdron, Which was to be done. Eucl. El. 15. Pr. 5. 


Yo 
GR Eo Er - 
$2 on A nd 


we &, _ © es £24 =H% 


n/f Page 300. co fold pagay 


. : 1 1 


. 


Part Il. 


OF THE 


. .. Geometrical Fiqures; 
PLAINSand SOLIDS. 
4 PART Ill. 


Proeme, 


'HE Method which I ſhall obſerve in the Menſuration of Geometrical Figures, 
Plains, and Solids, ſhall be threefold ; viz. 
L By Decimal Arithmetick, of a# the other ways the moſt exatt and abſolute, 
according to Book I. Part II. | . 
N. By Artificial or Logarithmical Arithmetick, according to Book I. Parr III. 
IN By Logarithmical Scales aud Compaſſes, as the moſt expeditious of any 
other, according to Book I. Part IV. : 7 


.$SEBCSY 
Of PLAINS. 


L To find the Argg (or Superficial content) of a Square. 


fy ABCD be a Geometrical Square, whoſe four ſides are all equal, each containing 
24 Foot and a half, (or 24.5 Foot.) | | 
The RULE. 
The Side of the Square multiplied in it ſelf giveth the Area or Superficial content thereof. 
| 1. By Decimal Arithmetick. E 
Thus 24.5 multiplied by 24.5, produceth 600.25, and ſo many Syuare Feet are con- 
laned in the Square A BCD, whoſe Side. is 24.5. 
2. By Logarithms. 


The Logarithm of 24.5 is — | 1.3891661 

ſame again, — _ ———— 1.3891661 

The Logarithm of 600.25- — — Rp: _ ni—_—_n—_———_—_— PG 32.2 
The Content of the Square, as before. 


3. By Scale and Compaſſes. 

Extend the Compaſſes from 1 to 24.5, the ſame extent will reach from 24.5, to 
00.25, the Superficial Feet contained in the Square. 

Note, that in what kind of Meaſure you do meaſure your Sides, of the ſame kind 
will the Content found be, as if the Sides be meaſured in Feet and parts of a Foot, 
the Area will be Feet alſo; if in Yards the Ares will be Yards ; if in Perches Per- 
hes; if in Miles Miles, &c. x 

Il. 7o 


MENSURATION _ 


Figure 
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I. 7o find the Area of a Paralelograw or long, Square. 
Figure ET EF GH be a Parallelogram whoſe Length E F, is 36.25 Poles or Perches, and 
Il. L I Breadth 12.5. = 7 


a” oo a a 
WY w— + 
Pd 1 , _ 


_ F'1 . 4 | 
L £3 F? g 7 \ The \'RVU LE. F : F. } a \ £1 
'Fhe Length being multiplied into the Brgaath produceth the Area. KN] 

F 1. Arithmetically. > 
The Length 36.25 being multiplied by 1245, the Product will be 453.125 Perches, 

for the Ares or Content of the Parallelogram. 

2. By Logarithms. | | 

The Logarithm-of 36,245 gh Io try tenant —1.5593080 

The Logarithti" f,*1Þ » Bregi Ich iSIrprf—w—- >—l.0969100 

The Logarithm of 453.125 the Area-———— - —2.65621809 

, Fx 7 ; BY 3. Inſkrumentallyl 5 ] , FE 2; 
Extend the Compaſks from 1, to 36.25, the ſarke extent will reach from 12.$0, to 
435-125, the Content in Perches, as before. | 


IM. 7o frd the Area of a Rhombus. 7 Wee, 
Figure ET KLMN bea Rhombuc, whoſe Sides is 7 Yards, the Area or Content Is re- 
Ill quired, RS + 


vL 


The RULE. | ; 

The Area of a Rhombus 3s found by multi lying oi Length of one of the Sides, into the 
Length of a Perpendicular, let fall \fro of the obtuſe Angles upon the oppoſue 
Side, as the Perpendicular K O, whoſe Length is 5.25 yarad-. | | 

xx ETASED ©» wlll) Tp Arubmeticelly, \ I 

The length of one of the Sides, 7 range bejng multiplied into 5.25, the lengtlfjof 

the Perpendicular. K Q, .produceth 36.75 yards for the Ares or Gontent of ghe 8ihn- 


2, By Logarichms. 


The'1.ohatithm df +, the Side is —— = ——o.845ogbo 
The Logarithm of $5.25, the Perpendicular is—— - —. 7201593 


The Logarithm of 36.75 for the Area————— 
' 3. Inſtrumentally. | 
Extend the Compaſſes from 1 to 7, the ſame extent will reach from 5.25, to 36.75, 
for the Area, as before. | 


IV. 7o find the Area or Superficial Content of a Triangle. 


| Dn Triangle is equal to half that Parallelogram, whoſe Length and Breadth are | 
equal to the Baſe and Perpendicular of the Triangle. 
o find the Area or Content of any Triangle, there are threg ways, ar Rules. 
1. The whole Perpendicular multiplied into the whole Baſe, producer he double Content of 
the Triangle. : 
' 2. Half the Baſe multiplied into the whole Perpendicular, will give the Area. Or, 
3. The whole Baſe multiplied into half the Perpendicular produceth the Area. 
ny ſide of a Triangle (in this Caſe) may be made the Baſe, but moſt commonly - 
the longeſt Side is taken for the Baſe, and a Line let fall Perpendicularly from the 
Angle oppoſite to that Baſe, is cal/ed the Perpendicular, as in Examples following. 
Figure *: If the Triangle have one right Angle, then the longeſt Side which comains the vight 
IV. Angle 1s called the Baſe, and the ſhorter the Perpendicular, as in the (firſt Triangle 
ABC,) where AB is the Baſe, and C A the Perpendicular. | | 
2. If the Triangle be equilateral, then any (ide may be made the Baſe, and a Perpendicu- 
lar let fall from the Angle oppofrte ro that Stde fhall be rhe Perpendicular, as in the (/e- 
cond Triangle DEF) where E F is made the Baſe, and D G the Perpendieniar. = 
3- If the T, riangle have two equal Sides, then it 1s beſt ro make the vntqu1l Side the Baſe, 
and a Line Perpendicular from the Angle oppoſite thereunto, ſhall be Perpendicular, 45 
in the third Triangle (HK L,) where KL is the Baſe, and H M the Perpendicular. 
4+ If all the Sides be unequal and the Triangle bave not a right Argle, then ut 1s moſt 
.conventent to make the longeſt Side the Bafe, and a Line let fa! perpendicularly from 
the obruſe Angle oppoſite tbereumo, the Perpendicular , as in the frurth Triangle, 
NOP, where O Þ 35 made the Baſe, and N Q the Perpendicular. "44 þ A | 
I, Aide 


——.557 


Part LL. Geometrical MENSURATION. 


Ja———_—_—_ "F CY 
I. Arithmetically. 
Theſe things premiſed, let ABC be a Triangle, whoſe Baſe AB let be 8 Paces, and 
the Perpendicular CA 4 Paces 3 8 multiphed intro 4, (the whole Baſe into the whole 
dicular,) produceth 32, the half whereof 16 is the content of the Triangle in 
re Paces, (by the Firſt Role.) | 
Again, 4 (the whole Baſe) multiplied into 4, (the half Perpendicular,) produceth 16 
for the Area or Content, as before, (by the Second Rule.) 
Or, 8 the (whole Baſe) multiplied into 2 (the half Perpendicalar) prodnceth 16 
fr the Area, (by the third Rule.) | ; 
2: By Logarithms. 
The Logarithm of 8 (the Baſe) is _— 
Tie Logarithm of 4 (the Perpendicular) 1s 


=—— ou yqcuquqnqu 
mn ct mmm 0.6020600 


The Logarithm of 32 — : — 1.505F1500 

Whoſe half 16, is the Area of the Triangle ABC (by the firſt Rule.) 

Again, 

The Logartihm of 4 (half the Baſe) is et m—_—_—_— 60,0600 
The Lopgarithm of 4 (the whole Perpendicular) is ————— — 0.6020600 
The Logarithm of 16 the Area, ———— —— —.4,1:0 
' (by the Second Rule.) Again, | - | 

The Logarith 8 (the whole Baſe) F—————————0.9030900 


The Logarithm of 4 (the half Perpendicular) is 


The Logarithm of 46 (the Area, ) ——-> 
(by the third Rule.) 


| —0.3010300 
——— }..; 1.00 


4 Inſtrumentally. X 4. 
Extend the Compaſſes from 1 to 8, the ſame extent will reach from 4 to 32; the 


ſane extent will reach from 4 to 323 the half whereof is 16 for, the Area, (by the firſt 


Rule.) It 272 
Or, Extend the Compalles from 1 to 4, the ſame extent will reach from 4 to 16, the 
(by the Second Rule.) gy | | | 
Or, Extend the Conga from 1 to 2, the ſame extent ſhall reach from 8 to 16, the 
fra, (by the third Rule.) 6 : 
And by either of theſe three ways. the Area of 


| 'DEF : 38.25 
The Triaodgle & HK L > will be found to cantaine? 3 1. 2'5 
| NOP -* _ C39-875 


V. To find the Area, or Content, of any Triangle, by | knowing the three Sides 
thereof, without the help of the Perpendicular. | 


[ET ABC-be a Triangle, whoſe Sides are AB20, AC 34, and BC 42; and let 
the Content thereof be required, The 5 
es £ V 4 &- 

Add all the three Sidgs > 0s and take balf of that Number ; then ſee what each Side 
ſeverally differs from that balf Summ.: which done, multiply that half Summ by any one 
of thoſe Differences, and the Produtt thereof by another Difference, and that Produtt by 
the third Difference ; the Square Root of this Produtt is the Area of the Triangle. 


1. Arithmetically. 


ABis 20 ; 283 
The Side Q ACis 34 Differences 9 1 
BCis 42 | O06 

The Somm | 


95s 


| The half Summ—4 8 


4 bing thus prepared, multiply 48 (the half Summ) by 28, (the firſt Difference) the 

roduCt will be 1 344, this multiplied by 14, (the ſecond Difference) produceth 18816 ; 
ad this multiplied again by 6, (the third Difference,) the Product is 112896, the 
are Root, whereof is 336, which is the Are« of the Triangle A BC. 


2, By 


Figure 
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j 2. By Logarithms. 
| The RUL *. R X | 
; © To the Logarithm of the half Summ of the Sides, ada the Logarithms of the ſeveral Dif... 
} _ FENCES oy each A from the balf Summ, half the Summ of theſe Logarithms, is the fe 


garithm of the Area of the Triangle. 


iF Example. 
it The half Summ of the Sides —— ——— v.63: 
| The firſt Difference | EY 28——1.4471580 
if | The ſecond Difference— vn Fen gor=1.146:280 
The third Difference — TT Smwo_d. 7 1572 
| Their Summ pos : EE Ao 5-0 526784 
| uo Io cnn nee 42632903 


Fi 
j Which is the Logarithm of 336, for the Area, or Content, of the Triangle, as he- 
ij fore. | 
3. Inſtrumental. 

Having, as before, found the Summ, the half Summ, and the Differences of the re. 
ſpeCtive Sides from the half Summ : : 

Firſt, Extend the Compaſſes from 1 to 48, (the half Summ, ) that extent will reach 
the ſame way, from 28 (the firſt Difference) to 1 344. 

Secondly, From this Point take the diſtance to 1, and that excent Fit reach from 14, 
(the ſecond Difference) to 18816. 

Thirdly, From this Point take the diſtance to 1, and that extent will reach from 5 
(the third Difference) to 112896 ; the half diſtance between 1 and this Number, will 
fall upon 336, for the Arca of the Triangle. . 


VL. Zo find the Area, or Content ſuperficial, of a Trapezia. 
Figure JET DEFG be a Trapezia, whoſe Content is required: From D to F, the. longeſt 
VI. Diametre (or Diagonal) of the Figure, draw the right Line D F, which ſhall re- 
duce the Trapezia GDEF into two Triangles, EDF and GDF, the Line D F being 
the common Baſe to both Triangles : Then from the Angles E and G, let fall the Per- 
pendiculars E H and G K. | | 
To meaſure this Trapez4a, there is the ſame varieties as there were it Triangles ; 
and theſe are the | RULES. 
1. Multiply the whole Baſe by the Summ of the Perpendiculars, the Produtt mill be the 
double Area. 
2. The Summ of the Perpendiculars multiplied in half the Baſe, produceth the juſt Area. 
3- The whole Baſe multiplied by half the Summ of the Perpendiculars, the Produtt ſuall be 
the Area. | 
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| I. Arithmeatically. 

Example : In this Trapezia DEF G, the common Baſe DF is 73 Pole or Perches, 
the Perpendicular G K is 28 Perches, and the Perpendicular E H 18 Perches; their 
Summ is 46, and their half Summ 23 Perches. Now, 

1. If you multiply 73 (the whole Baſe) by 465 (the Summ of the two Perpendiculars) 
the ProduCt will be:3358; the half whereof 1679 is the Area of the Trapezia in Square 
Perches, (by the Firſt Rule.) 

2. If yon multiply (the Summ of the Perpendiculars) 46, by 36.5 (the half of the 
Baſe) the Product will be 1679, for the Area, (by the Second Rule.) Or, | 
3. If you multiply 73 (the whole Baſe) by 23 (the , half 6amm of the Perpendicu- 
lars) the Product will be 1679, for the Arca alſo, (by the third Rule.) 


2. By Logarithms. | 

| 1. The Logarithm of 73 is - aem——_ r.8633228 

The Logarithm of 46 ig—— —— — — 1.6627578 

Their Summ is; I mn nr nn nn nn nn nm —z,5260806 

| F. ry Logarithm of the double Area, whoſe half 1679 is the juſt Area (by the firſt 
__ ule. | | | 

Pl 2. The Logarithm of 46 is ——<— — — 66.75 

The Logarithm of 36.5 is — ——— — 1.5622929 

Their Summ is ——— Ce 3.2250507 

Which is the Logarithm of 1679, the Area, (by the Second Rule.) Or, 
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3, Ihe Logarithm of 73 ——_—_— cn—__ ww ——n—_— _ CSS $228 


— 


Their SumM iS | 6 
Tix Log:rithm of 1679, the Arca, (by the Third Rule.) 
3. Inſtrumentally, 


i. Extend the Compalles from 1 to 73, the ſame extent will reach from 46 to 3358, 


1 


the half whereof is 1679, the Area, (by the Firſt Rule.) Or, 


—— 1.6.7. 8 


—————z..:06 


+, Extend the Compalles from 1 to 46, the ſame extent will reach from 36.5 to i 679 


the Area, (by the Second Rule.) Or, | 
3. Extend the Compatles from 1 to 23, the ſame extent will reach from 73 to 167g, 
the 4rea, (by the Third Rule.) 


VI. To find the Area of an irregular Plot of many unequal Sides and Angles. 


Uch irregular Figures which confift of many Sides and Angles, (being none of the 
Forms before treated of,) cannot be meaſured at one operation, as all the former 
were, but will require many operations, according to the number of the Sides and Arr- 
es, which (in all irregular Plots or Figures, as well as in regular,) ate always of an 
equal number 3 and before they can be meaſured, they muſt be reduced into ſome of 
the former regular Figures, as inthe Geometrical Problems in this Book there are ſeveral 
ways ſhewn how that may be done. But to come to an Example : | < 
LetABCDEEG bean irregular Figure, as a Piece of Land, a Wood, &c. Now 


' before this Piece can be meaſured, it muſt be reduced into Triangles, or Trapezias, or 


hath, by drawing Lines from Angle to Angle within the Plot: Thus this irregular 
Plot ABCDEFG is divided into two Trapezias 2nd one Triangle; for the Line 


drama fromF to C, cuts off one Trapezia, namely CDEF by the jagged LineCF; 
"2 another Trapezia AB CF. is cut off by the other jagged Line AF, and then there is 


Þ&f of the irregular Figure, only the Triangle FA G. 


Figure 
VII. 


'* Now by theſe Lines the whole Plot is reduced into two Trapezias, viz. CDEF, 


adABCF, and the Trizngle FAG, For this Triangle AFG it may be meaſured 
' thelV. Section, and the two Trapezias by the VI. Seftion hereof, the Baſes and Per- 
Fendiculars being firſt meaſured, as in the Plot they are: And being thus prepared we 
*Fill proceed to the calting of ir up in Poles or Perches, ſuppoſing it to be the Plot of 
4 Wood, or other Piece of Land. | 

L. 1. Arithmetically. | . 
” Firſt, We will begin with the Triangle FAG, whoſe Baſe AG is 34, and Perpendi- 
ml FO 10; now 34 the Baſe, multiplied by half the Perpendicular 5, produceth 
470 Perches, for the content of the Triangle FAG. 

= Secondly, For the Trapezia ABCF, which is divided into two Triangles by the 
Fricked Line AC, which is the common Baſe to the two Triangles ABC and AF C, 
Ftich contains in length 35 Perches; alſo the Perpendicular F l contains 24 Perches, 
2d the Perpendicular B H 8 Perches, the Summ of them both is 32, and the half is 
216Perches ; which multiplied by 35 the whole Baſe, the Product is 560 Perches, for 
the content of the Trapezia ABCE. 

* Thirdly, For the Trapezia CDEF, which is divided into two "Triangles by the 
pricked Line C E, which is a common Bale to the two Triangles CDE and CFE, 


- which contains in length 32 Perches ; alſo the Perpendicular F L contains 17 Perches, 
and DK 13, the Summ of both being 3o Perches, and the half thereof 15 Perches, 


which multiplied by 32, the whole Baſe, the Product will be 480 Perches, for the Su- 
erficial content of the Trapezia CDEF. 


The Reſult of the whole Plot. 


[Whole Baſe.|; Perches.| Area. _ 


Triangle FAG ——| 34 5 170 
The . SFABCF— 35 16 560 
Tre CDEF —| 32 I5 480 


—— 


1he Summ |1210 


Which Summ 1210, is the Area of the whole Plot ABCDEFG in Square (Poles, 
ods, or) Perches ; and that is 7 Acres, 2 Roods, and 10 Perches. But of this no 
UWre here, till we come particularly to treat of Surveying of Land. 


SC | 2, By 
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] 2. By Logarithms. 
| The, WK DL 9d 

To the Logarithm of the half Summ of the Sides, add the Logarithms of the ſeveral Dif. 
TENCes be each A from the balf Summ, half the Summ of theſe Logarithms, is i, 0 

garithm of the Area of the Triangle. . 

Example. 

The half Summ of the Sides ———— —— —— 68,12 
The firſt Difference _ _ — $—1.4471580 
The ſecond Difference — FETs =. 1.461:f6 
The third Difference ———— ————R——I——IR GS.” $1512 
Their Sum ———— IT GPRLAL MEETS nh 2/29 5J-0526784 


he ——_—_—_ 


The half Summ —— — I —2.5263392 
Which is the Logarithm of 336, for the Area, or Content, of the Triangle, as he. 


fore. 


| 3. Inſtrumentally. : 
Having, as before, found the Summ, the half Summ, and the Differences of the re. 
ſpeCtive Sides from the half Summ : 
Firſt, Extend the Compaſſes from 1 to 48, (the half Summ, ) that extent will reach 
the ſame way, from 28 (the firſt Difference) to 1344- 
Secondly, From this Point take the diſtance to 1, and that excentFi1 reach from 14, 
(the ſecond Difference) to 18816. 
Thirdly, From this Point take the diſtance to 7, and that extent will reach from 6 
(the third Difference) to 112896; the half diſtance between 1_and this Number, will 
fall upon 336, for the Arca of the Triangle. 


VL. To find the Area, or Content ſuperficial, of a Trapezia. 
Figure JET DEFG be a Trapezia, whoſe Content is required: From D to F, the. longeſt 
VI. 4 Diametre (or Diagonal) of the Figure, draw the right Line DF, which ſhall re- 
duce the Trapezia GDE F into two Triangles, EDF and GDF, the Line DF being 
the common Baſe to both Triangles : Then from the Angles E and G, let fall the Per- 
pendiculars E H and G K. 
To meaſure this Trapez4a, there is the ſame varieties as there were it Triangles; 
and theſe are the | RULES. ; 
1. Multiply the whole Baſe by the Samm of the Perpendiculars, the Produtt will be the 
double Area. 
2. The Summ of the Perpendiculars multiplied in half the Baſe, produceth the juſt Area. 
3. The whole Baſe multiplied by half the Summ of the Perpenaiculars, the Produtt ſoall be 
the Area. 
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1. Arubmetically. 

Example - In this Trapezia DEF G, the common Baſe DF is 73 Pole or Perches, 
the Perpendicular G K is 28 Perches, and the Perpendicular E H 18 Perches; their 
Summ is 46, and their half Summ 23 Perches. Now, 

1. If you multiply 73 (the whole Baſe) by 46 (the Summ of the two Perpendiculars) 
the Product will be'3358; the half whereof 1679 is the Area of the Trapezia in Square 
Perches, (by the Firſt Rule.) | 

2. If you multiply (the Summ of the Perpendiculars) 46, by 36.5 (the half of the 
Baſe) the ProduCt will be 1679, for the Area, (by the Second Rule.) Or, 

3. If you multiply 73 (the whole Baſe) by 23 (the , half &umm of the Perpendicu- 
lars) the Product will be 1679, for the Arca alſo, (by the third Rule.) 


2. By Logarithms. 


I. The Logarithm of 73 is —_—— 2.8 
The Logarithm of 46 ig—— —— —_ 1.6627578 


OD cons ———R———EEIS Ge eneaney C260 $00 


| Their Summ is 
o ary Logarithm of the double Area, whoſe half 1679 is the juſt Area (by the firſt 
W- :* Rule. 


2. The Logarithm of 46 is —<————— — 1.662757 
The Logarithm of 36.5 is — 5.9. 
Their Summ is —— —_—_y 3.2250507 


Which is the Logarithm of 1679, the Area, (by the Second Rule.) Or, 
h | 3. The 
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3. The Logarithm BETS bg —enm—nr—mmmecn —_— — 1.8633228 
The Logaritiim of 23 1s ————— -1.;}6.;: 8 
Ir SUMmM 1s - Ee GN as EO een owe SST TOS 
| eee Log.rithm of 1679, the Arca, (by the Third Rule.) : M's 

3. Juſtrumentally. | 

i. Extend the Compalles from 1 to 73, the ſame extent will reach from 46 to 3358, 
the half whereof is 1679, the Area, (by the Firit Rule.) Or, | 

3. Extend the Compaſles fron 1 to 46, the ſame extent will reach from 36.5 to 1679, 
the Area, (by the Second Rule.) Or, 

' Extend the Compatſles from 1 to 23, the ſame extent will reach from 73 to 1679, 
the Area, (by the third Rule.) | 


I -— ——_—  — 


1 


VII Zo find the Area of an irregular Plot of many unequal Sides and Angles. 


Uch irregular Figures which conſiſt of many Sides and Angles, (being none of the 
Forms before treated of,) cannot be meaſured ar one operation, as all the former 

were, but will require many operations, according to the number of the Sides and Ar- 

es, which (in all irregular Plots or Figures, as well as in regular,) are always of an 

1zl number ; and before they can be meaſured, they muſt be reduced into ſome of 
the former regular Figures, as in'the Geometrical Problems in this Book there are ſeveral 
ways ſhewn how that may be done. Bur to come to an Example : | - 

lgABCDEEG bean irregular Figure, as a Piece of Land, a Wood, &c. Now Figure 

before this Piece can be mealured, it muſt be reduced into Triangles, or Trapezias, or VII. 

by drawing Lines from Angle to Angle within the Plot: Thus this irregular 
Pi ABCDEFG is divided into two Trapeziaes and one Triangle; for the Line 
drawn from F to C, cuts off one Trapezia, namely CDEF by the jagged LineCF; 

4 another Trapezia AB CF. is cut off by the other jagged Line AF, and then there is 

kft of the irregular Figure, only the Triangle FA G. ER, 

Now by theſe Lines the whole Plot is reduced into two Trapezias, viz. CDEF, 
adABCF, and the Trizngle FAG. For this Triangle AFG it may be meaſured 
ly the 1V. Seftion, and the two Trapezias by the VI. Section hereof, the Baſes and Per- 
pendiculars being firſt meaſured, as in the Plot they are: And being thus prepared we 
ill proceed to the calting of it up in Poles or Perches, ſuppoſing it to be the Plot of 
a Wood, or other Picce of Land. 

1. Arithmeticall. | | 

Firſt, We will begin with the Triangle FAG, whoſe Baſe AG is 34, and Perpendi- 
nlr FO 10; now 34 the Baſe, multiplied by half the Perpendicular 5, produceth 
17 Perches, for the content of the Triangle FAG. 

Scondly, For the Trapezia ABCF, which is divided into two Triangles by the 
picked Line AC, which is the common Baſe to the two Triangles ABC and AF C, 
wich contains in length 35 Perches; alſo the Perpendicular F 1 contains 24 Perches, 

ad the Perpendicular B H 8 Perches, the Summ of them both is 32, and the half is 
6Perches ; which multiplied by 35 the whole Baſe, the Product is 560 Perches, for 
tie content of the Trapezia ABCE. 

Thirdly, For the Trapezia CDEF, which is divided into two "Triangles by the 
pricked Line C E, which is a common Bale to the two Triangles CDE and CFE, 
which contains in length 32 Perches ; alſo the Perpendicular F L contains 17 Perches, 
and DK 13, the Summ of both being 30 Perches, and the half thereof 15 Perches, 
which multiplied by 32, the whole Baſe, the Product will be 489 Perches, for the Su- 
ericial content of the Trapezia CDEF. 


The Reſult of the whole Plot. 


"3 [Whole Baſe.|; Perches.| Area. _ 


Eg 


IB 


Triangle FAG ——| 34 p 170 
The . FABCF — 35 I 560 
Toes CDEF —| 32 = 4807 


—_— 


1he'Summ | 1210 


' » Which Summ 1210, is the Area of the whole Plot ABCDEFG in Square (Poles, 
Rods, or) Perches ; and that is 7 Acres, 2 Roods, and 10 Perches., But of this no 
| Wre here, till we come particularly to treat of Surveying of Land. 
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The: | 2, By Logarithms. | | 
1, The Logarithm of 34 1s 1.5314789 
The Logarithun of 5 is -0.6989700_ | 
Their Summ —_.44 thc Lozhmot.;o FAG 
2. The Logarithm of 35 is——1.5440550 
The Logarithm of 16 is— —1.2041200 
Their Summ —— ————.7451880 the Logarithmof 560 ABCF 
3. Thie Logarithm of 32 is —— 1-59 51500 
The Logarithm of 15 is ————= 1 - 760912 
The whole Area, or Content of the Plot in Perches — 1210 


3. Inſtramentally. 
1, Extend the Compaſſes from 1 to 34, the ſame extent will reach from 5 to 150 
which ſet down for the Area of the Triangle F A G. : 
2. Extend the Compaſſes from 1 to 35, and that extent will reach from 16 to 560; 
which ſet down for the Area of the Trapezia ABCF. 
3- The extent from 1 to 32, will reach from 15 to 480, for the Area of the Trape- 


ziaCDEF; all which being added together, their Summ will be 1210 Perches, for 


the Area or Content of the whole irregular Plot or Figure ABCDEFG in Square 
Perches. | 


VIII. 7o find the Arca, or ſuperficial Content of any Equilateral and Equiangular 


Polygon. 
R Egular Polygons are ſuch Figures, whoſe Sides and Angles are equal : and Polygons 
are denominated from the Number of their Sides and Angles; as, 
5 Pentagon. 
6 Hexagon. 
\ 7 / : Heptagon. 
Tf the Figure conſilt of XY 8 > equal Sides and Angles, it is called a \ O#ager. 
? / 9 ( / Enneagon. 
F IO Decagon. 
I2 Dodecagon. 


And every of theſe and ſuch like Figures, (of how many equal Sides and Angles ſoe- 
ver conliſting,) are equal to that long Square (or Parallelogram,) whoſe length and 
breadth is equal to half the Perimetre of the Polygon, and a Perpendicular let fall from 
the Centre thereof to the middle of any of the Sides of the Polygon : Therefore for the 
meaſuring of them this is the RULE: 

Multiply the whole Perimetre of the Polygon by the hatf of the Perpendicular, (or half the 

Perimetre by the whole Perpendicular, ) the Produtt ſhall give the Area of the Polygon. 
I. Arithmetically. 

Example 1. In "the Pertagonal Polygon (of five Sides) ABCDE, where each Side is 
25, and the Perpendicular HZ is 17.2. Each Side being 25, the whole Perimetre is 
5 times 25, that is 125, which being multiplied by 8.6 half the Perpendicular, the 


| Produdt will be 1075, for the Arex or Superficial Content of the Polygon, Or, if you 


multiply 62.5 (half the Perimetre) by 17.2 (the whole Perpendicular) the Produtt 
will be 1075, for the Area, as before. 

2. By Logarithms. | 

The Logarithm of 125 (the Periphery) is —————— 2.0969100 

The Logarithm of 5.6 (half the Perpendicular) is — 94494 

The Logarithm of 1075, for the Area, ik — 044 

Or, | 
The Logarithm of 62.5 (half the Perimetre) is = 1.7958800 


The Logarithm of 17.2 (the whole Perpendicular) Id———— —1.2355 2.54 


The Logarithm of 1075, the Ares, _ ———.;44 


; 3. Inſtrumentally. 
Extend the Compaſies from 1 to 125, the ſame entent will reach from 8.6 to 1075» 
for the Area of the Polyzon ABCDE. Or, 
The extent from 1 to 62.5, will reach from 17.2 to 1675, as before. 
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Exarple 2, In the Oftagonal Polygen ABCDEFGH, each of whoſe Sides is 12, and Figure 


{ the whole Perimetre 96, this multiplied by 7:24 (half the Perpendicular) the Pro- 
-dyt 695-04 is the Area of the Polygon, : Or half the Perimetre 48, by 14.48 (the whole 
Perpendicular O 12 ) will likewiſe produce 695.04, for the Area. 

So likewile, 

The Logarithm of 4S (half the Perimetre) I8.-— —— ——1.5812412 
The Logarithm of 14.43 (the wholz Perpendicular) is ——1.1607686 
The Logarithm of 695.04, (the Area, ) _ — 

Allo, - 

The extent. of the Compaſſes from 1 to 48, will reach from 14.48 to 695.04, for the 
fret, And in this manner may any regular Po/ygon of how many Sides ſoever be mea- 


ſured. , 


— 


—2.8420098 


IX. Of th? Menſaratign of Circles and Parts of Circles. 


HE true Proportion of the Diametre of a Circle of to the Peripheria or Circumfe- 

rence thereof, was never as yet diſcovered, notwithſtanding many learned Men 

have laboured very far thereinz among which, that excellent Yan Cer hath hitherto 

arricd away the greateſt commendation, he having ſet forth the ſame in Decimal terms 

to 36 Places, which are engraven upon his Toomb-ſtone in St. Perer”s Church in Leyden ; 
which Numbers are theſe, 


Diumerre 100000.00000.00000.00000.00000.00000.00000 
Ciruference 31 4159.26535.89793-233846.26433:83279.50288 


Of which large Number theſe ſix Places 3.14159 anſwering to the Diametre 1.00000 
nay be ſufficient. Archimedes hath theſe ſmall Numbers, as 7 to 22, ſo the Diametre 
of any Circle to the Circumference thereof ; which two Numbers (though moſt in uſe) 
zre not ſo exaCt, for as 7 is to 22, ſo is 1.000c0 to 3.142585, being greater *than thoſe 
of Van Culen by 55-435, But Adrianus Metins the elder, ſometime Geometrician to the 


termediate Proportion. of them is {{{; which is a little greater than what Yan Culen 
found, whoſe difference is leſs than ;;5355 3 and as 11h [| ſhall make uſe of theſe ex- 


to 355, ſo is the Diametre 
of any Circle to the Periferia or Circumterence of the Tame. And now I proceed to 


Ermples, 


II The Diametre of a Circle being given, to find the Circumference. 


The RVEEz Et 
Multiply the Diametre of the Circle (always) by 355, and that Produtt (always) aivide 
by 113, the Quotient ſhall give you the Circumfarence. 
Example. Let ABCD. be a Circle, whoſe Diametre B C let be 14.00, and let the 
Urcumference thereof be required. $7 
; 1. Arithmetically. | | 
Mokiply the Diametae 14 by 355, the ProduCt will be 4970; which Produdt divide 
IJ 113, and the Quotiont will be 43.98, for the Circumference of the Circle ABC D. 
2. By Logaruhms, | 


The Logarithm of 113 — — Go 2.053079 4 
The Logarithm of 355 ———— — 5. 
te Logarithm of 14 (the Diametre) — — 1.1461280 
The Shmm a — w_—_——.69563 


Wdtrat —— Ss —— — 


The Logarithm of 43.98, the Circumference 
3. Inſtrumentally. y 

Extend the Compaſſes from 113 to 355, the ſame extent will reach from 14 to 43.99, 

't the Circumference or Periferja of the Circle AB CD- | 


2.05307B84 
<p SY 7 9 
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$1. 7he Peripheria or Circumference of a Circle being given, to find the Diamerre, 


| The RULE. 
Aaultiply the Peripheria or Circumference (always) by 113, that Prodnit divided by 355; 
ſhall give the Diametre of the C ircle. 
1. Arithmeticplly. 

Example : Let the Peripheria of the Circle A BC D, be 43.992, and let the Diametre 
thereof B C be ſought, multiply 43.982 (the Circuinterence) by 113, the Produt 
will be 1, ; for the length of the Diametre B C. 

2. By Logarithms. 


The Logarithm of 355 i—— OT. OC me IT I $0228 
The Logarithm of 113 is——-— es 2.053078, 
The Logarithm of 43.982 the Circumference MEE mT ont. 6432779 
Their Summ minis ctr tee eG GIS Sz, Co Cge6q 
From which ſabtratt — ———-— —— OT 2.402283 
The reſt is the Logarithm of 17, ——— —- ——— —-———l.1461289 


Which is the length of the Diametre of the Circle B C. 
3. Inſtrument ally. 
The extent of the Compaſſes from 355 to -113, will reach (the ſame way) from 
43-982 (the Peripheria of the Circle) to 14 the Diametre thereof. ! 


- SHI The Diametre of a Circle being given, to find the Area. 


The RULE. | 
Multiply the Diametre of the Circle in its ſelf, and that Summ again multiply (always) by 
22, and that Produtt (always) divide by 28, the Quotient wilt be the Circles Area, or 
' Swuperficzal Content. | 
| g 1. Arithmetically. 

Example. Let the Diametre of the Circle B C be 14, which mnltiplicd in it ſelfpro- 
duceth 196, this ProduCt multiplied by 22, makes 4312 3 which being divided by 28, 
the Quotient is 154 fere, for the Area of the Circle, AB CD. . 

| 2. By Logarithms. 


The Proportion is, ay 28 is.gp 22, ſo is the Square of the Diametre, to the Area. 


The Logarithm of 28 _— — 4, 
The Logarithm of 22 > — - 1.3424227 
The Logarithm of 14 the Diametre — mm tt 1.1 461280 


The ſame again, — ——1.1461280 


Their Summ—3.6 346787 

: From which ſubtraſt—1.4471580 

The Logarithm of 154 fere, the Area. ——_ 2.1875207 

3. Inſtrumentally, | 

Extend the Compaſſes from 1 to 14 the Diametre, and ſet the ſame diſtance from 

14 forwarder upon the Line, it will reach to 196, then take the diſtance from 28, 

nina by to 22 ; that diſtance will reach from 156, downwerds to 154, the Area, 
ore. 


S IV. The Circumference or Peripheria of a Circle being given, to find the Area. 


The RULE. | 
Multiply the Peripheria of the Circle in it ſelf, and that Prodult multiply by 7 (always,) 
an w laſt Produtt divide by 88 (always,) the Quotient ſhall be the Area of the 
Circle. 
1. Artthmctically, | 
Example: Let the Circumference of the Circle AB CD be 43.982, which multiplied 
in it ſelf produceth 1934.416, this Produtt multiplied by 7, producerh 1 3549.912, 
(or for brevity) 13541 which divided by 88, the Quotient will be 15, fere; (or [a- 
ther 153.938,) for the Area of the Circle ABC D. | | 
vx S By Logarithms. 
Rog Propottion 1s, as 88 is to 7, ſo is the Square of the Circumference to the 
TCA, 


The 
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The Logarithm of 88 Is —— mmm 7,4 944 TRE 
The Logarithm of 7 is nn Seo 


The Logarithm of 43.982, (the Peripheria) HENS Ss © nt” ROS BO | 32749 
The ſame again ) — — 1.6432749 


The Summ - Peony ns —4-1316478 
From which Subtract —— rr nmr rn _ -1.9444827 
The Logarithm of 153.938 for the Area—— —— 2.1871651k 


| 3. Imtrumentally. | 

Extend the Compaſſes from 1 to 43.982, and ſet the ſame diſtance forward upon the 
Line, it will reach 1934.416; then take the diſtance from 838 downwards to 7, the 
fame extent will reach from 1934-416 to 153-938. 


(V. 7o find the Area of a Semicirele, the Diametre being given. 
The RULE. 
Multiply half the Diametre in it ſelf, and that Produtt multiply (always) by 22, this laſt 
Produtt dyvided by 14, the Quotient ſhall be the Area of the Semicircle. | 
fo 1. Arithmetically. | | 

Exaniple : In the Semicircle AB C, whole Diametre BC is 14,and its half AO is 7, 
this 7 multiplied in it ſelf produceth 49, multiply this 49 (always) by 22, the Pro- 
dit will be 1078 3 which divide by 14, and the Quotient Will be 77, for the Area of 
the Semicircle. | 

2. By Logarithms. : 

-. The Proportion is, as 14 is to 22, ſo is the Square of the Semidiametre to the Area. 


The Logarithm of 14 is _ 1.1461280 
The Logarithm of 22 Is —- _— — ——1.,,424227 
The Logarithm of 7 (the Semidiametre) is = 0.8450980 
The fame again —— — —— | _ —0.8450980 
Their Summ —— 3.0326187 
From which ſubtract — —— —.1461280 
The Logarithm of 77 for the Area nba 2.8864907 


| 3. Inſtrumentally. | 

Extend the Compaſſes from 1 to 7, the half Diametre AO, ſetting that diſtance 
forward from 7, it will reach to 49; this done, take (always) the diſtance between 14 
and 22, and that extent will reach the ſame way, from 49 to 77, the Area of the Se- 
micircle. 


(VI. To find the Area of a Quadrant or Quarter of a Circle, whoſe Diametre is 
known. 
The RULE. 

Multiply the Semidtametre of the Circle un it ſelf, and that Prodult multiply (alway:) by 
11, and dividing this laſt Produtt (always) by 14, the Quotient ſhall be the Area of 
the Quadrant. | 

| 1.5 Arithmetically. 

Example: In the Quadrant A BO, whoſe Sides AO or BO are 7, multiply 7 in it- 
elf it produceth 49, which 49 multiplied (elways) by 11, it produceth 539; which 
mo always) by 14, the Quotient will be 39.5 for the Area of the Quadranc 

B, | 


2. By Logarithms. 
: The Proportion is, as 14 is to 11, ſo is the Square of the Semidiametre to the 
Area of the Quadrant. 


The Logarithm of 14 is — -—— > — ——_—--1.te6: $0 
The Logarithm of 11 is - — —l .O41 3927 
The Logarithm of 7 (the Semidiametre A O) is——— ——o.8450980 
The ſame aganN IS—— ——_— —_——_ ooo 
Their Summ is = — —— 7 
from which ſubtract— - — ——1,1461230 


—_———— 


The Logarizthm of 38.5 (the Are of the Qnadrant — 5407 
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6 VII. Of the Menuſuration and finding the Arca, or ſuperficial Content of any 


Part, Portion, or Segment of a Circle. 


The Menſuration of Parts or Portions of Circles, of which there are ſeveral ſorts, 


Examples of all which do depend upon this following Theorem: - - 


Every portion of a Circle which 1s contained under two Semidtiameirts, and an Arg) Line 


(moſt properly called a Seftor of a C ircle) 1s equal to that long Square or Parallelaoy 
ws, length and breadth are equal to the Sexpidiametre of the C a 
to half the Arch Line of the Settor or Segment. 

Therefore before SeCtors or other Portions 0 


ircle, and of a Line equal 


f Circles can be meaſured, a right 


Line mult be found out, which ſhall be equal to the Arch Line contained between the 
two Semidiametres; and that is taught in the Geometrical Problems of this Book, how. 
ever, I will here ſhew another way how to find a right Line which ſhall be equal to 
half any Arch Line, which will be more ſuitable to our preſent occaſion than the 


other, | : | 
Now to find the length- of a' right Line, which ſhall be equal to half the Arch Line 


Figure 


X. EF GC, do thus: Firſt draw the right Line FC, which divide into four equal Parts in 
the Points HK L ; then take one of thoſe Parts, as L C, and ſet it from Cto G; then 
a Line drawn from G to H, ſhall be a right Line equal to half the Arch Line FGC, 


and will be found to contain 2.75 of ſuch parts as 
OF contains 7. 


To find the Area of the Settor & O ©. 
; tl. Arithmetically. 


the Semidiametre of the Circle 


Mulciply the Semidiametre 7 by 2.75, the half Arch Line GH, the Produ@ will 


be i9.25, for the Area of the Sect 


The Logarithm of 7, the Diametr 
The Logarithm of 2.75, half the Arch Line is 


Their Summ - 
W hich is the Logar 


or of the Circle F O C. 
2. By Logarithms, 


on 15-—— 


o.84509890 


m— 93347. 


ithm of 19.25, the Area or content of the 
; 3. Inſtrumentally. 


-—1.2844307 
Sector F OC. 


The extent of the Compaſles from 1 to 2.75, (the length of the half Arch Line) will 
reach, the ſame way from 7 (the Semidiametre) to 19.25 the Ares of the Seftor. Or, 
the extent of the Compalles from t to 7, will reach from 2.75 to 1y.25, the Area, as 


before. 


Note, But if only the Segment of a Circle were to be meaſured, as the Segment 


S TU, (Figure Xl.) where there are-no Semidiameters, you muſt then (by the 
Geometrical Problems) find the Centre of that Circle at X, of which STU is 
an Arch, and then (bv the former part of this SeCtion,) find the Area of the 
whole Seftor X, S T U, which done, (by the fourth Section hereof) find the 
Area of the Triangle X SU, which being ſubtrafted from the Area of the whole 
Sector, XS T U, the remainder will be the Area of the Segment S T U. 


Example: Let S T U be a Segment ofa Circle to be meaſured, having found the 
Centre thereof at X, draw the wwo Semidiametres XS and X T; alſo find the half 
Arch Line (by the firſt part of this Seftion) TR: Then (by ſome Scale) meaſure 
the length of the Semidiametre XS or SU, which ſuppoſe to be 7 ; alſo by the ſame 
Scale, meaſure the half Arch Line R T, which let be 8.25, which multiplied by 7 the 
Semidiametre, the Product will be 57.75, for the Area of the whole Seftor XST U. 
This done, by the ſame Scale meaſure the Chord Line $S U, which will be found to 
be 12.93, And now you have the three Sides of the 1/o/cheles Triangle X S U, by 
which (by the fifth Section hereof) you may find the Area of the Triangle to be 17.33, 
which being ſubtraCted from 57.75, (the Area of the whole Sector) there will remain 


49.42, for the Area of the Segment S T U, 


X. Of the Menſuration of Mixt, or Compound Plain Figures. 


M*= or Compounded Figures are ſuch as conſiſt partly of right, and partly of 
Circular Lines ; ſuch as are the Figures 12, 13, 14, and infinite others, all 
which muſt firſt be reduced into ſome of the former Figures, and then meaſured Þy 
the Rules before delivered. ; | 


Examples 


_ AU ny DO en oy oe — 


ſ— 
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mmmmentn 
Example of Figure XII. 

This Figure conſiſteth of a Semicircle B C D, of two Seftors, BOB, DOE, and 
of a Triangle O AE: The Semicircle muſt be meaſured by the fifth Seftion of the 
gth hereof, the two Seftors by the ſeventh of the gth hereof, and the Triangle by the 
4th of 5th hereof. 

| Example of Figure XIII. 

This Figure conſiſteth of two Segments of differeat Circles, F GH, LIK, and of a 
Trapezia F 11 L k. The two Segments muſt be meaſured by the 8th Seftion of the 
gth hereof, anu the Trapezia by the 6th heteof. 

| Example of Figure XIV. HS 

* This Figure conlifteth of two patts of Segments of Circles and a Trapez;a; the 
whole Sectors M N S, and PR Q mult firſt be found by the 7th of the 9th hereof, and 
the two Triangles M TSand UQR, muſt be dedufted from them ; then muſt you 
meaſure (by the 6th hereot) the 7 mW NPI V, whoſe Area added to the former 
two parts of Sectors, ſhall give the whole Area or Superficial Content of the whole 

Mixt or Compounded Figure M N P Q. 
And thus have you the true and molt accurate way of meaſuring all ſorts of Plain 
Geometrical Figures, conſiſting of right Lines, circular Lines, or Mixt or Com- 


pounded of both ; by which Board, Glaſs, Tapeſtry, Tiling, Floring, Painting, Plai- 


ſtring, Paving, and Land may be meaſured; particular Examples of all which ſhail 
be ſhewed in their dne Places : But before I proceed to the Menſuration of Solids, 
(which is the next thing in order to be handled,) I ſhall lay before you theſe de- 
l:Qtable and profitable Proportional Concluſions in the Circle, and that to a Mil- 


limillinary ſolution of the Truth, from my. loving Loving Friend (now deceaſed) 
John Wybard, M. D. | 


| Side of the Square equal 

t. The Proportion of | to the Circle, (which is 

the Diametre of a Cir-4 the proper Squaring of 7 is as 1.060000 to .386227 fere. 
de fo the the Circle.) 


Side of the inſcribed 
L9quare, 


CCircumference, | C3.141593 fere. 


L -707107, fereyq-<. 
| Contrarily, 
#Diametre 


Side of the Square equal | 
2. The Proportion of | to the Circle, (which is 
the Circumterence ofq the ſecond proper Qua- Fis as 1.000000 toe .282095 


C .313318 fere. 


aCitcle to the drature of a Circle, ) | 
Side of the inſcribed | | 
COquare, J L -225079 
Alſo, 


CDiametral, or Circum-JJ... - 1, :.C -785398 
: "_ is to the Circle ic 
3. The Proportion of J ſcribing. ſelf, as 1.0c00co 


the Quadrat | oy t 
Circumferential * C .079577 | 
& The Proportion of OR_— Circum- wy 3240 fere. 
+ Urcle to the Qua- S is as 1.000000 to 
ax 
Circumferential, , 12.566371 feye. 


Meaſuring of all ſorts of right Lined Figures, regular and irregular; as alſo of Circles 
and parts of Circles, and of Figures Compounded of both, and that by three ſeveral 
"2a ut Arithmertically by Decimals, Arrificially by Logarithms, and Inſtrumentally by 
ro and Compaſſes; and at the cloſe thereof laid down ſeveral Proportions relating 
the Square, and the Circles inſcrib:d and Circumſcribed about the ſame. I think 
| it 


| Having thus (in the foregoing SeCtions) preſcribed and exemplified the Method for - 
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Figure 
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it convenient now to preſent my Reader with ſome other uſefull and deleQable Pro- 
portions relating to the equilateral Triangle, and the Pentagon, and of their Sides, Di- 
metres, Diagonals, &c. and alſo the Circles inſcribed within, and thoſe that are cir. 
cumſcribed about the ſame Figures; the equilateral Triangle and the Pentagon being 
the Sides (or Plains) of the Five Regular Py:hagorean, or Platonick Bodies; of which 
Bodies (after L have preſcibed the method for meaſuring of Solids, as | have alrcady 
done of Plains,) I ſhall largely inſiſt ; but to proceed according to this preſcribed 
Method. | 

I. Of the Equilateral Triangle. 


Figure LetAKE be an equilateral Triangle, AEBK the Circumſcribing Circle, CVD 
XVI. the Inſcribed Circle, O the Centre of them both, AV the Perpendicular, OA the Ray 
or Semidiametre of the Circumſcribing, and OV of the Inſcribed Circle. 


Firſt, For the Linear Proportions, or the Proportions of the Lines in the Ordinate, or 
Reowlar Triangle AEK, I fay that, 


C Circumſcribing AO C .57735 v4t. 


Inſcribed O V. .288675 


1. TheSide AE, 
or AK, is to 3 
the Ray of the i 
Circle, 


And ſo to the Diametre or Perpendi- Þ as I to 5 
cular AV, tions 2 ? -86602 /q4(.75) 
And vice verſa, the Perpendicular AV, 
C is tothe Side AE or AK, 


| C1547. 
Side AE, or AK, | #2 1.73205 vq3 

2. The Ray of 
the Circum- Ray of the Inſcribed Circle O YV, ( = + ). Dupla 


ſcribing Circle 
AO, is to the /And conſequently to the Diametre, or 
: Perpendicular AV, ; I.5Subſeſquialters 
SideAE, or AK, 3.4641 
3- The Ray of \ 
* the Inſcribed /Ray of the Circumſcribing Circle AO.\. z; 1 tg 2+ Subdupla 


Circle OV, is 
to the And ſo to the Perpendicular, or Dia- —_ 
metre, AV, 3. Subtripla 


_ Whereby it appears that the Ray (or Radius) of the Circumſcribing or containing 
Circle is ; of the Perpendicular of the Triangle; and the Ray of the inſcribed Circle is 
: of the ſame. | 


Secondly, For Superficial Proportions in the Ordinate Triangle, or Proportions of Super fi 
cial Dimenſions. | Ld 


Side, is tothe Triangle it F .4330127 
r, TheSquare of the rn WR, ſelf, as 1 to 57735 v9q. 3 (.75) 


Which latter is the ſame with that of the Side to the Ray of the Circumſcribing Circle: 


And contrarily, 


2, The whole Triangle is F Side 2,309401 
Oo the Square of its oe. OY 0 ] 1.73205 vVq. 3. 


And ſo conſequently, 


3. The . Side, [3 to the Side of the Square equal F.658037 
Diametre, to the Triangle, as 1 to .759836 fere. 


Hitherto of the Linear and Superficial Content of the Ordinate or Equilateral Tri- 
angle. Next, 


II, For 


| 
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[l. For the like Proportions in the Ordinate or Regular Pentagon. 


Let ABCDE be an Ordinate (or Equilateral ) Tag, whoſe Side is AB, or Figure 
BC, &c. AH is the Perpendicular, AG 1s the Ray, Radius, or Semidiametre of the XVII. 
cirrumſcribing Or containing Circle ; GH the Ray of the inſcribed or contained Circle; : 
AH the Perpendicular ; E B the Diagonal or Subtenſe of the Penragonal Angle; which 

cattech the Diametre or Perpendicular A H, by extreme and mean Proportion in the 


ways 
_ Firſt, Of the Linear Dimenſions. 
| Circamſcribing AG? \ .85065 
(Ray of che Circle ; 
Cinſcribed G H .68819 
1. The Side of And ſo to the Diametre or Per icy- 
| pendicu- > as 1 to < 
Few ag is A Bys lar of the Peragon AH, j 1.53884 
is to the | 
Diagonal, or Subtenſe of the Penraponal 
| © Angle B EF. g | £-513034 fere; 
Side of the Pentagon A B I. 

2 The Ray of s : 7287 
the Circum- * JRay of the Inſcribed Circle GH, .809017 
ſcribing Cir- 2s I to 
cle AG, 1s 7 1s ſo the Pentagonal Diametre _ Me i 
the 

Pentagonal Diagonal BE, 1.902113 
(Side of the Pentagon A B % F1.453085 

3, The Ray of | Ray of the Circumſcribing Circle AG, 1.236068 fere, 
the Inſcribed | as 1 to < 
Circle GH is\'( Ard fo the Diametre or Perpendicu- | 2.226068 
tothe lar AH) | 0 

| Diagonal or 'ypotenuſe B E. ') | # 3511g1 
Side AB, # \ .649839 
| Circumſcribing AG, | | 4552786 
Ray of the Circle FORE | 
[aſcribed G H 244721 

+ The Diame- (Of which two Circular Rays it is com- | 
tre of the Per 1 tt 
axon AH is} _ > coking } 

l 
VOM | Pentagonal Diagonal BE, | l.OFI46Z 
Greater Segment or Portion F H, | 0.618034 
LLeiſer Segment or Portion FA, J & -3819661 
(Side AB | [ .618034 
Circumſcribing AG, | +$25731 
Ts Ray of the Cieg 

ſ. The Diagonal Inſcribed GH, | 425325 
or Hypotenuſes > 23 1 to < 
LE, is to the | Diametre A H, | 951056 

| Greater Segment thereof F H, | 587785 
Leſſer Segment thereof A F, J C 363271 
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A Wat, 
Rams in his XIX. Book of Geometry giveth theſe Proportions for the Pentagon, viz. 


CRay of the Circumſcribing Circle, as? 
| 6 to 5 ſeſquiquinta, which 1n Deci- | C .$3333 
: mals 1s | [ 
1. The Side of | | , , | 
the Pentagon is2 Ray of the Inſcribed Circle, as 3to2%as1to 5 goo 
to the | ſeſquialtera, which in Decimals 1s | 


| Diametre, as 2 to 3 ſubſeſquialera , 
L which in Decimals is irrational, viz. z 


Radius of the Inſcribed Circle, as 5 to 
4 ſeſquiquarta, which in Decimals * .80000 
as 1 to 


1.50000 


2. The Ray of \ {\::tional, viz. 


the Circum- | 

2 bing iametre of the Pentagon, as 5 to 9 ſub 

Toe 3s $9 FRE ſuperquadriquinta, which in Decimals 1.80000 
is irrational, viz. 


And ſo the. Radius of the Inſcribed Circle is to the ſaid Diametre, as 4 to 9, ſubdupla- 
ſeſquiquarta, decimally irrational, viz: as 1 to 2.25000. 


Secondly, Of the Superficial Dimenſions. 
{ 


Side AB 1.720477 
I. The Square of hea Diamex AH dis to the Pentagon it ſelf, as 1 to 0.726543 fere. 
Diagonal B E 0.657164 fere. 


And Contrariwiſe, 


| EE Side AB, | 0.581234 
2. The Pentagon it ſelf is to the , Diametre AH, Cn 1 to W_— 
| Diagonal B E, 1.52169 
; And ſo, | 
Side AB 1.31167 
3s The Diametre AH c is to the Square of the Penragons Side, as 1 to ; 0.85237 
Diagonal BE | 0.810656 


Theſe three laſt Proportions are the moſt exatt and proper terms for an Ordinate 
Pentagon that may be ; but Ramus hath them thus : | | 


F'Side of the Pentagon is to the Pentagon? 

it ſelf, as 1.to 1 3, ſub-ſuper-bitertta, 1.6666 
decimally defeCtive, viz. 

1. The Square 


of the > as 1 to 


Diametre of the Pentagon is to the Pen- 0 
.tagon It ſelf, as 1 to 35, ſuperſepru- 
partien;-vigeſim, in Decimals exceſ- 

q five, viz. 


0.740749 


— El. , cou 


fo 


3 » ſuper-bitertia,, decimally exceſ- .600000 


Square of the Side thereof, as 1 to 
live, viz. { 


2. The Pentagon DT R 
| , , , n. aS1to 
t (elf is tothe Yo ure of the Diametre, as 1 to +2, /«b- | 
| Dp {ef operons nigeſnas, decimal- 1.35000 
| ective, viz. fb 
And ſo, | 
2. The Pent acond / Side is to the Side of the Penta- 2 hat FR 
| gonal Square, as 1 to 0.95066 redundant- 
: Lit 


Diametre 


- 


_p— y 
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Let thee Proportions ſuffice for the Lineal and Superficial Menſurations of the Or- 
dinare, Regular, and Equilateral Triangle, and Pertagon; and fo I ſhall conclude this 
Tra(tate of Linear and Superficial Meaſure with the following Theorem, which 1 long 
ce received of my honoured Friend Mr. S. Foſter, ſometime Profeſſor of Aſtronomy in 


' [ 
Gre/h:m-College in London. 


THEORE M: | 
The Circumference of a Circle is leſs than the Perimetre of any Ordinate Polygon 


that Circumſcriles. the Circle, but greater than the Diametre of any Ordinate 
Polygon #nſcribed within the Circle. 


Dalearien, FOE Ark CBE is leſs than DBF, greater than CGE, that is, leſs than pijgure 


the Tangent of the Ark, greater than the Subtenſe. 
Demonſtration. 1, Greater than the Subtenſe, becauſe between the two Points C 
' and E, the Subienſe CGE is ſhorter than any other curved Line; and therefore, than 
the Ark CBE drawn through the ſame terms, per Defin. 4. Eucl. 1. 
2, Leſs than the Tangent DF ; for by that which Archimedes proves in his firſt Pro- 
polition of the Quadrature of a Circle, a Triangle whoſe Side is AC, whoſe Baſe is 
equal to the Ark CBE, will be equal to the Seftor CB.EA. But the Triangle, whoſe 


Side or Altitude is A B, equal to AC, and whoſe Baſe is the Tangent DBF, is greater 


than the forenamed Seftor by the exterior Figure CBEFD, and yet the Altitude (or 
Redins) AB or AC is in both equal: Therefore it will follow, that DF is greater 
"than the Ark CBE. Which was co be demonſtrated. | 


adit... tht... Mil 


SECT. I 
of SOLIDS. 
L 70 find the Craſſitude or Solid Content of a Cube. 


LL other meaſure,) to find the Solid Content thereof, this is the 


X VIII. 


ET ABCDEFG be a Cube, whoſe Side A B, &c. let be 5 Foot, (or 5 of any figure 
I. 


RULE. | 
Mulriply the Side of the Cube in it ſelf, and that Produl# multiply again by the Sidg of 
the Cube; this laft Produtt ſhall be the Craſſitude, or Solid Content of the Cube. 
| 1. Arithmerically. 
Thus 5 (the Side) multiplied in 5, produceth 25, this 25 multiplied again by 5, 
Rn 125, ang ſo many Cubical, or Solid Feet, (if meaſured by Feet) are contain- 
rein. ; 


The Logarithm of 5 (the Side) is — —0.69899700 
Which multiplied by 3, (or ſet down 3 times and added) produceth—2.0 969100 
The Logarithm of 125, which is the Solid Content of the Cube. : 
3. Inſtrumentally. 
Extend the Compaſſes from 1 to 5, the ſame extent will reach from 5 to 25, and 
- ſame extent will reach from 25 to 125 ; which is the Solid Gontent of the Cube as 
ore. - | 
In ar manner if the ſide of a given Cube were 25.75 Inches, and the Solidiry were 
required. | | 


2, By Logarithms. 


1. Arithmetically. 
25.75 multiplied by 25.75, produceth 663.0625, and that multiplied again by 
25.75, produceth 19073.85 laches.for the Solidity of the Cube. 
2. By Logarithms. | 
The Logarithm of 25.75 (the Side) is 
Which multiplied by 3, produceth-=————- 


CO  m— 


————,4107773 
S223 3146 


My x ay 4 
. Which is the Logarithm of 17073.$5 ; for the CharaCteriſtick of the Logarithm be- 


75 4» denotes the Integer Number to conſiſt of 5 Places, and ſo the $oelidity is 
073-05. 


po © 3. Inſtru. 
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©] 3. Inſtrumentally. 

The extent from 1 to 25:75, will reach from 25.75, to 663.06, and from 663.06, 

to 17073.35, as before. Bur theſe great Numbers are not fit to be applyed to Inſttg. 
mental Practices. 


Il. Zo find the Solidity of a Parallelipipedon, or (Jong Cube.) 


: ET HKLMNOP be a Paraltlipipedon, whoſe Side of the Square at the 
os War" [_HO:-&c. is 9, and the length thereof Bl K, &c. js 15 and'a batf. (or ld 
' find the Solidity whereof this is the | 
| KULR. - | 
Multiply the Side of the Square at the end into it ſelf, and that Produtt by the length, the 
laſt Produtt ſhall be the Soliaity. 4 


1. antrma mmprngh Br oo 
Multiply 9 (the fide) by 9, the ProduCt will be 81, which multiplied by 15.5 (4h 
length) = F, Ars 1255-5, for the Solidity of the Parallelipipedon, 5-5 (the 
2. By Logaruthms. | 
The Logarithm of 9 (the Side) 1s w 


T row B342426 


The ſame again - _ | 0.9542425 
The Logarithm of 15.5 (the length)— _ — yo. 
The Logarithm of 1255.5 (the Solidity) - — 3.0988167 


3. Inftrumentally. 


The extent from 1 to 9, will reach from 9 to 81, and the extent from 81 to 1, ſhall 
reach from 1 forward to 1255.5 for the Solidity as before. 


Il. 7o find the Solidity of an Oblong Parallelipipedon. 


Figure | call that an Oblong Parallelipipedon, whoſe end is a Parallelogram, whoſe length and 
III. I breadth axe not equal, as the ras Parallelipipedin PQRSTV X, whoſe ſides 
; at the end are VP 3, and V T x5, and the length RQ, 22.5. To find the Solidity 
of ſuch a Piece, this is the _ J 
©. 


Multiply the length of the ſide at the end e the breadth thereof, and that Prodytt mul. 
tiply again by the length, the laſt Produtt ſhall give the Soltdity. 
I. Arthwetically, | 
| Example : Multiply 'V T $5 the length at the end, by V P 3 the breadth at the end 
| the Produtt will be 1 5, which multiplied by R Q 22.5, the length produceth 337.5, 


fot the Solidity. 

2. By Logarithms. 
The Logarithm of 5 (the length) is ———.6y9 
The Logarithm of 22.5 (the whole length) is — 5; 
Their Summ— -——2.5282737 


Which is the Logarithm of 337.5, the Solidity of the Parallelipipedon, as before. 
3. Inſtrumentally, 
The extent of the Compaſſes from 1 to 5, will reach the ſame way from 3 to 15, 
and the extent from 1 to 15, will reach from 22.5 to 337.5, the Solidity. 


IV. Zo find the Solgdity of a ſquared S fone or piece of Timber, whoſe end is a re- 2 
gular Polygon, of 5, 6,8, or 9 equal Sides. | 


Figure EY ABCDEFGHK, be a Squared piece of Stone or Timber of 7 Sides, each 
Iv. *— Side being 4.5, and the length thereof 41. To find the Solidity of ſuch a piece, 
this is the | 
' . RULE. 
Find the Area or Superficial content of the Polygon at the end, (by the 7th beforegoing,) 


mw had, multiply that Area by the tength of the piece, and that Produit ſhall be the 
oliaity. | 


= 6A I. Arithmetically. 

. Example : In this piece of 7 Sides, each Side being 4.5; I find the Perpendicular 
S O to be 4.67, and the half Perimetre of- the Polygon to be 15.75, which multiplied 

together produce 73.5525 ; and this Produt again multiplied by the- length, CG or 
DH 18, produceth 1325.94, for the Solidity, 


2, Zy 
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2. By Logarithms. 


The Logarithm of 4.67, (the Perpendicular) is — - ——0.6c93169 
The Logarithm of 15.75 (half the Perimetre) is —.q,:o; 
The Logarithm of 18 (the Length) is ——- — =——— .25$2725 
Their Summ -—— —- > ——_ —— 1:69 

Which is the Logarithm of 1 324 fere, which is the Solidity. he 


| : 3. Inſtrumentdlly. . 
Extend the Compilles from 1 to 4.67, (the Perpendicular) that extent will reach 
from 15.75 (the half of the Perimetre) to 73.55, and the extent from 1 to 73-35, 
will reach from 73.55 to 1324 the Solidity of the piece as before. 


Y. To find the Solid Content of a Priſme. 

[ ET ABCEHO be a Priſme, to find the Solidity whereof this is the 
-4 RULE. | | 
Multiply the Area of the Baſe by the length, that Produtt ſhall be the Solidity of the 

Priſme. 
j 1. Arithmetically. 

Example : In this Priſme, whoſe Sides of the Triangular Baſe BE, &c. is 18, firſt 
(by the 4th or 5th beforegoing) find the Ares of the Triangle B C E, (which is equal 
wAOH, the other end of the Priſme) 140.3; which multiply by the length dc, 
equal to A B, the length 72, the Product will be 10101.6, the Solidity of the 
Prifime. | | x 

2, By Logarithms. 


The Logarithm of 140.3, (the Area of BCE) is — 2.1470577 
The rea of OC or AB 72, (the length) is ———— 1.8573325 
Their Summ mmm _ —-3.0043902 

Which 1s the Logarithm of 10101.6, the Solidity of the Priſme ABCEHO, as 


before. | 
3. Inſirumentally. © 


The extent of the Compaſſes from 1 to 140.3, (the Area of the Baſe) will reach 


(the ame way) from 42 (the length O C) to 10101.6, the Solidiry. 
VI. To find the Solidity of a Pyramis. 


| ET ABCDE be a Quadrantal Pyramss, (for a Pyramis is denominated from the 

Namber of the equal Sides of the Baſe thereof, as here four; and therefore Qua- 

= or Quadrilateral,) whoſe Solidity is required; to find which Solidity this is 
| RULE 


The Area of the Baſe BC DE (found by the firſt hereof) multiplied by one third part of 
the Altitude, giveth the Solid Contenr. | Es 4 
1. Arithmetically. h ; 
Example : Let the ſides of the Baſe-of the Pyramis, BC, CD, &c. be 18, and the 
teight thereof A E 540 : Firſt, multiply 18 (the Side of the Baſe) in it ſelf, the Pro- 
dult will be 324, (tor the Superficial Content of the Baſe,) which Produtt 'being a- 


7 multiplied by 18o, (one third part of 540, the height* A E,) the Produtt will 
58320; for the Solid Content of the Pyramis. 


_ 


' - = By Logarithms. 
Tie Logarithm of 334, (the Area of the Baſe. BC DE) I———2.5105450 
The Logarithm of 180, (one third part of 540, the Altitude) is-—=2.2 55272 v 


Their Summ _ X —_ Y -4.7658175 
LYhich is the Logarithm of 58320, the Solidity of the Pyramis ABCDE, as 
re. | 


3.. Inſtrumentally. ES | 
Extend the Compaſſes from 1 to 324, (the Area of the Baſe) the ſame extent will 


, 
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rexch.from 180 (one third part of 540 the Altitude,) to 58320, the Solid content of | 


Pyramis, 


VE. 7 find the Solid Content of Cone. 


E finding of the Solid Content of a Cone, differeth nothing from the finding of 
that of 2 Pyramis, and the Figures themſelves differ only in this, that the Baſe 


2 Cone is (always) a Circle, and the Baſe of a Pyramis is, (always) cithzr an _— 
tera 
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teral Triangle, a Square, or a regular Polygor of any Namber of equal Sides. as 5, 6 
7, 8, &c. and to find the Solidity of _ 59x this is the - 
ply the Area or Content ef the Circular Baſe, by one third part of the heioht 
Ons - the Produft ſhall be the Solid Content of the Cone. 8% of the 
1. Arithmerically. | 

Example : Let QX Y S be a Core, whoſe Baſe X Y'S (found by the firſt or fourth 
SeCtions of the gth hereof) let be 346-5, and the height thereof OX or OS 49, my]- 
tiply 346.5, the Area of the Baſe, by 180, {one third part of the Altitude OS.) the Pro- 

du& will be 62370, for the Solidity of the Core. 

| 2. By Logarithms. 


The Logarithm of 346.5, (the Area of the Baſe) is— ————-—2, 5399,, 


The Logarithm of 180, (one third part of the Altitude) i — —2.2 75 5» 725 


Their Summ is—— cc — _ wm mmm 7g TG 
Which is the Logarithm of 62370, the Solidity of the Core. 49757 
3. Inftrumentally. 


The extent of the Compaſſes from 1, to 346.5, will reach from 180 to 62370, 


VII Zo find the Solid Content of a Segment, or Fruſtum of a Pyramis or Cone 


' 46656, the Square Root whereof is 216; add the 


T = Fruſtum of a Pyramis or Cone, is when the ſmaller end thereof next the Verti. 
cal Point, is cut off parallel to the Baſe, and in this form are moſt ſquared Tin- 
ber Trees, or round Timber growing, and ſuch is the Fra/tum of the Pyramis RST vy, 


BCDE, (Figure VI.) whoſe Solidity = _ and to find the ſame this is 
UVLE. 


Adulrtipl the Areas at the two ends one into the other, and find the Square Root of that 


P ; then add the two Squares and this Root together, and multiply their Summ by 
one third Part of the Altitude, the Produft ſhall be the Solidity of the Fruſtum. 
| £5 a 1. Arithmetically. | 
Example. The Square of the Baſe. BCDE is 324, and the Square of the leſſer Baſe, 
RSTV, (the Side being 12,) is 1443 theſe two _— multiplied together produce 
e three together (viz. 144, 216, 
and 324, ) their Summ will be 684; which multiply by 60 { one. third part of 120 
the Altitude of the FruſfumRSTYV, BCDE,) the Produtt will be 410404, which is 
the Solid Content of the Fruſkum RSTV, BCDE. | 
i 2. By Logarithms. 
The Logarithm of (the Square BCDE) 324 is—————2.5105450 


The Logarithm of (the Square RST V) 144 is —— ————2.1583625 
The Summ —— toni mann nmr n= a GE Ogomg | 


| — — 


The half Summ —— | 
Which is the Logarithm of the Root 216. 


The Logarithm of the Summ of the-three Squares 68, is —— 2,835056l 


The Logarithm of 60 (one third part of the high) is ——-—— 1. 79781512 
The Summ — ————— — ———4.6132073 


Which is the Logarithm of 41040, which is the Solid Content of the Fruſtum, 2s 


_ before. 


3. Inſtrumentally. 


Extend the Compaſſes from 1 to 324, (the greater Square B C D E.) the ſame extent 


will reach from 144 (the leſſer Square RSTV) to 46656; the half diſtance between 
r and 46656 will fall upon the Line at 216; theſe three (324, 216, 144) being ad- 
ded together make 68,4; wherefore extend the Compaſſes from 1 to 684, (the Summ,) 
and that extent will reach from 60 (one third of the highth) to 41040, the Solidity 
of the Fruſtam. 


IX. To find the Solid Content of a Cylinder. 


JET ABCD be a Cylinder whoſe Solid Content is required, to find which this 
IS the RULE: 
The Area of the Baſe multiplied by the highth (or length) produceth the Solid Coment. 
I. Aruhmetically. 
Example : Let*the Diametre of the Cylinder AB be 7.0, then will the Area of the 
Circle be found to be 38.5; and let the highth thereof AC or BD, equal to F G, bt 


12.53 


2.3344537 | 


— 
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 12.c0; multiply 38.5 the Area, by 12.00 the highth, the Product will be 462, for the 
eidiry of rhe Cylinder A BCD. | 


| 2. By Logarithms, 
| The Logarithm of 35.5 the Area of the Bale, is — —l.y354607 
'The Logarithm of 12,-the Highth, is — eo — T2 


The SumM— — $4 


. -— I OST 
Which is the Logarithm of 462, the Solidity of the Cylinder. 
3. Inſirumentally. | 
The Extent from 1 to 38.5, will reach from 12 to 462 the Solidity. 
Thus is the Solidity of a Cylinder found by having the Diametre of the. Circle at the 
end, and the length given ; but if the Circamference and the'Lengch were given, the 
| hraof the Circle at the end mult be found. eters | 
Example : In Figure VIII. where the Circumference is 22 fere, then will the Area 
of the Circle be found to be 38.5, and that multiplied by 12 the Length, producech 
462; for the Solidity as before. \ 


X: The Axis {or Diametre) of a Sphere (or Globe) being given, to find the Su- 
perſicial Content thereof. 


[ET ACBD be a Sphere whofe Diametre is given, and the Superficial Content is 
| L/ required, which to find this is the | | 
RULE: 
Mulriply the Square of the Diametre (always) by 355, and divide that Prod} by 113, 
the Quotient ſhall be the Superficial Coment of the Sphere. | 
| I. Arubmetically. 

Example: In the Sphere (Fig. IX.) whoſe Diametre AB is 21. Firſt mcltiply 21 
the Diametre in it ſelf, the ProJuct will be 441 3 which multiply again by 355, and 
that ſecond Product will be 156555 ; which divide-(always) by 113, and the 
lect witt be 1385.44, which is the Superficial Content of the Sphere or Globe ACBD. 

2. By Logarithms, = 


The Logarichm of A B, the Diametre 21, is———-— 1.3322193 
The fame again, — —— — wm————onmtm—— 9: 
The f of Ako 


The Summ is the Logarithm of 441, the Square of the Atis,——— — 26444385 


{ Towhich add the Logarithm of 355, viz.—— —2.550228 3 
Ther SUmm —— —  —— — 
From which ſubtract the Logarithm of 113-———— —— —2.,0530784 


The Remainder is — —.454 
Which is the Logarithm of 1335.44, the Superſicies of the Globe, or Sphere. 
3. Inſtrumentally. 
.. The extent of the Compaſſes from 1 to 21, will reach from 21 to 441; and again, 
the extent from 113 to 441i, will reach from 355 to 1385.4, the Superficial Content bf 


| the Sphere ACBD. 


XI. The Axis of a Sphere being given, to find the Solid Content of the ſame Globe, 


or Sphere. 


N the forementioned Globe, or Sphere ACBD, whoſe Axis AB is 21, let its Soli- 
dity be required ; to attain which this is the | | 
Ae ee | KU LE | 

Maltiply the Axis or Diamerre in its ſelf, and that Proadrt nmlriply again'by the Diame- 
rre, (t.e. Cabe the Diametre, ) and that Cube mwumber mntriply (always )- by 355; 
this laſt Produtt (always) divide by 678, and the Quotient ſhall be the Solidiry of the 
Sphere, or Globe. 

1. Arithmetically. 

Example : In the Sphere ACBD, (Fig. IX.) the Axis is 21, which'twlltiplied in it 
ſelf produceth 441, (which is Square of the 4ris,) and 441 multiphied again by 21, 
the Product will be 9261, (which is the Cube of 'the Axis; ) and 'this Cube Number 
multiplied by 355, produceth 3287655; which Number-divided by 6758, the Quoti- 
_ +38+9.948, for the Solid Content of the Sphere, or Globe, AG BD, whoſe 

vis IS21, 


2. Fy 


Figure 
IX. 
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F 7 ee ———————— 
2. By Logarithms. 


The Logarithm of 9261 (the Cube of 21, the Aris AB,) i——— 3.96665 79 
The Logarithm of 355 Ji np! TA = EI C32 $3 


_ @——___p_ 


' From which Summ ſubtract the Logarithm of 67538 —— — 2.831229, 
mares. WY B 3 6 $65 


Which is the Logarithm of 4849.05 fere, the Solid Content of the Shpere, or Globe, 


ACBD. 
3. Inſtrumentally. 
" The extent of the Compaſſes from 1 to 355 ( the Proportional Number for the Cir. 


cumference of a Circle,) will reach from $261 (the Cube of the Axis 21) to 4349.05, | 


the Solid Content of the Sphere. 


XII. The Superficial Content of a Sphere being given, to find the Axis. 


N the fore-mentioned Sphere A CBD, (Fig. IX.) whoſe Area, or Superficial Con- 
tent is 1385.44, let the Axis be Oe_ ; to find which this is the 
| U : 
Multiply the Superficial Content by 113 (always, ) and divide that Produtt (alway; ) by 
355,. aud the Square Root of the Quotient ſhat be the length of the Axis. 
1.. Arithmertically. 

Example - In the Sphere AC BD, whoſe Superficial Content 1s 1385.44, this mul. 
tiplied by 113, (the proportional Number for the Axis, or Diametre,) the Produt 
will be 156550.2 3; which Number being divided by 355, (the Proportional Number 
for the Circumference of a Sphere,) the Quotient will be 440.986 defettive, (5. e. 441,) 
whoſe Square Root is 21, for the length of the Axis of the Sphere AB. 

oh 2. By Logarithms. ; 


The Lopgarithm of 113 is — 2.053078, 
The Logarithm of 1385.4. (the Area) is —— — —3.1415752 
Their Summ ————— -—.i946536 
From which ſubtract the Logarithm of 355—— ——2 5502283 
The Remainder, I —— —2 .6 444253 
The half whereof is —— > —— w—(,3222126 


Which is the Logarithm of 21, the Length of the Axis, or Diametre of the Sphere. 
3. Inſtramentally. 
The extent from 355 fo 113 will reach the ſame way, from 1385.4, to 441 ; and half 
the diſtance between 1 and 441, will reach from 1 to 21, the Length of the Axis AB. 


XIII. The Solidity of a Globe or Sphere being gruen, to find the Diametre, u 
Axis. 


T* the Sphere AC BD, (Fig. IX.) whoſe Solid Content is 4849.05, and let the 
Length of the Axis thereof be required ; to find which this is the 
| RK UVLE:c 
Multiply the Solidity ( always ) by 678, ( the proportional Number for a C ircle's Dijametre, 
VIZ. 113, multiplied by 6,) and that Produtt divide ( always) by 355, (the proportional 
Number for a Circles (or Spheres) Circunference,) the Cube Root of chat Quotient 
ſhall give the Length of the Axis. 
I Aruhmetically, 

Example - In the Sphere ACBD, whoſe Solidity is 4849.05 fere, this Solidity multi 
plied by 678, produceth 328766 fere; and this ProduCt divided by 355, the Quotient 
w1ll be 9261, whoſe Cube Root being extracted, will be found to be 21, for the Ax 
required. 

2. By Logarithms, 


T7 Bogarithm of 693 is — —— —— on nm nn ene 2, 8312297 
The Logarithm of 4849.05 (the Solidity) is— | -—-3.6056969 
Their Summ is—— CENNGSALIECSOEANPENENE PEDErE0r 6.5169266 
From which ſubtruCt the Logarithm of 355, —- ——— — 2.55022863 


The Remainder is igang a —_ 3, 666903 
One third parr whereof is -— — 1.3222327 
Which is the Logarithm of 21 (near,) for the Levgth of the Axis of the Sphere. 
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3. Inſtrumentally. + | | 
Ex:end the Compalles from 355 to 678, the ſame exterit will reach the ' ſame way 
from 4849.05 £O 9261 z end the diſtance from 1 to 9261, being divided into three equal 
parts Upon the Line, one of them will reach from 1 to 21, for the length of the Axis 


B.- a 2 
From what hath hitherto been delivered concerning the Menſuration of Circles and 
Spheres, may be gathered (in the Sphere) theſe excellent proportional 


COROLLARIES 


( Periphery of the greateſt Circle, & contra, is the ſame with that of - 
| the Diametre of a Circle to the Circumference, & contra. 


[. Side of the Cube, equal to the Sphere,\ , 
The Proportion | (which is properly the Cubing of the .$06040 
of the Axis ory Globe, or Sphert,) 


Diametre of aj > is 
Sphere to the | Side of the Quadrat, equaP to the con- | as 4 to 
vex Spherical Saperficies, (which J 


| properly the Squaring of the Sphe- 1.772454 fere. 
( rical;) J 
ide of the Cube, equal to the Sphere, | 
Il. (which may alſo he termed the Cu-/ .256556 
The Proportion } bing of the Sphere,) | 
of the greateſt ; as 1 to 
Circumference JSide of the Quadrat, equal to the con 
is to the vex Superficies, ( which may be ter-' .56418g 
med the Squaring of the Spherical, 
Il. Axis or Diametre, | 523599 
The Proportion of ; : Cro the Sphere it ſelf, is as 1 9 
the Cube of the C Greateſt Periphery, .016887 fere 


On the contrary, | 


5 Axis, or Diametre, 1.909859 
The Proportion of the holed Oh aS1to : 
| ; C5 


Sphere to the Cube of the CGreateſt Periphery, 9.217626 * 
V. Diametre Ftothe whole?3.14159 - the ſame\Diam. toCit- 
| TheProportion of the Super ficies, is with thary cumference. 
Uadrat of the PeripheryY as 1 to Y0.31831 fere\ of the CCirc.toDiam. 
VI, Diametre, | Peripherical _ to the _ 
Tie Proportion \\ Swperficies ( or of the Circumfe- 
of the whole | is the ſame with rence to the Diametre.) 


Quadrat of the perficies, ( or of the Diametre to' 


Super ict ; : | 
= aka / ( that of the Nr Quadrat to the whole S- 
Periphery, the Circumference.) 


XIV. The Side of an ere Cone, and the Diametre of the Baſe being given, to 
find the Area or Superficial content thereof. | 


[ ET ABC be an erect Cone, whoſe Side AB, or AC is 18, and the Diametre of ts Figure 
BaſeBC is 12, and the Superficies thereof is required ; to find which this is the X. 
RULE: | 


Multiply the Side of the Cone by half the Diametre at the Baſe, and that Produtt multiply 
(alway; ) by 355, which ſecond Produtt divide by 113, the Quotient ſhall be the Super- 


ficial Content. 


Vy : l; Arith- 
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I, Arithmetically. ; 
Example: In the Cone ABC. Firſt, mulciply the Side of the Cone AB18, into | 
half the Baſe B C6, the Produdt will be 38340 ; which por none by 113, and the 


Quotient will be 339.29, for the Superficial Content of the Cone ABC. 
| . 2, By Logaruhms, 


The Logarithm of 108 Is ——— — b m—,0z 4 237 
The Logarithm of 355 is —— Ra apa mm— yy... 
DEE ————z CO ——__ 4.36 $29 
From which ſubtract the Logarithm of 113, ————— —2.90530784 


ll. C——— 


The Remainder is, — ——————_— ——. 7 
W hich is the Logarichm of 339.29, which is the Superficial Content of the Cone 


ABC. | 
Ng 3. Inſtrumentally. 

Extend the Compaſſes from 113 (the Proportional Number for a Circles Diametre) 
to 355, (the Proportional Number for the Periphery of a Circle,) the ſame extent will 
reach from 108 (half the Diametre multiplied in the Side) to 339.29, for the Super- 
ficial Content of the Cone ABC. 


XV. The Axis or heizhth of an ereft Cone, and the Diametre at the Baſe there. 
of being given, to find the Solid Content of that Cone. 


'ET DEF bean erect Cone whoſe Axis DG is 18, and its Diametre at the Baſe BC 
is 12, and let the Solid Content Ro. required. To find which this is the 
ER. : 

Multiply the Diametre jn it ſelf, and multiply that Produtt by one third part of the Alt. 
tude, (or Axis,) then multiply this ſecond Produtt (always) by 355, and divide that 
Produtt (always) by 452, and the Quotient ſball be the Solid Content of the Cone, 

i: 1. Arithmetically. | 

Example: In the Cone (Fig. X. ) DEFG, whoſe Diametre E F ts 12, this multi- 

plied in it ſelf, produceth 144; which multiplied by 6, (one third part of the Aj; 
DG 18,) the Produdct will be 864 ; this ſecond ProduCtt multiply again by 355, and 
the third Product will be 306720; which being divided by 452, the Quotient will be 
678.58, for the Solidiry of the Cone DE FG. 

' 2. By Logarithms. 


The Logarithm of 355 is RE emo 2.5502283 
The Logarithm of 864 is — —, 61.7 
Their Summ is ————— —— — ————c—— — $.4867420 
From which Subtract the Logarithm of 452, 2.6551384 
The Remainder — _ _ — — — 2.8316036 

Is the Logarithm of 678.585, the Solidiry of the Cone DEFG. 

3. Inſtrumemaly. | 


Extend the Compaſſes from 452 to 355, that extent will reach (the ſame way) from 
864, (the Square of the Diametre 12, multiplied into 6, one third part of the Cone's 
Axis,) to 678.58, which is the Cone's Solidity. . 


XVI. The Side of a right Cylinder, and the Diametre of the Baſe being grven, to 
find the Solid Content thereof. 


ET K LM be a right Cylinder, whoſe Side, Axis, or Height, is 12, and whoſe Di- 
ametre-at the Baſe is 7, and let the Solid Content thereof be required. To find 
which this is the | RULE:- 

Multiply the Diametre in it ſelf, and that Produtt in the length of the Axis ; which ſecond 
Produtt multiply (always) by 355, and that third Produtt divide by 452 Calway:,) f 
ſhall the Quorient give the Solidity of the Cylmder. s 

C 1. Aruhmetically. 
 Exanple : In the Cylinder KLM, whoſe Side is 12, and Diametre.of the Baſe 7. 


-* Firſt, multiply 7 in ic ſelf, and it produceth 49; which multiply by 12 (rhe Length 


of the Side or Axis K O,) the Product will be 588 ; multiply this Product 588 by 355, 
(the Proportional Number for the Circumference of a Circle,) and that Produdt will 
be 208740; this Produtt muſt be (always) divided by 452, which is, by 113, ** 
Proportional Number for the Diametre of a Circle, multiplied þy 4, ) and the Quo 
tent will give 461.814, for the Solidity of the Cylinder. ; 

2. Þ) 
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2. By Logaruhms. 

The Logarithm of 355 i1—— ———————— 
The Logarichm of 588 is ————_ ——— — 2.769377 3 
Their SuUmMM Bla, — — 4 ic 
From which ſubtraCt the Logarithm of 452 — CC 
The Remainder is $04 rerun m—_— © T2 

Which is the Logarithm of 461.814, and that is the Solidity of the Cylinder K L M. 

3. Inſtrumentally. 


Extend the Compaſſes from 452 to 355, that extent will reach the ſame way from 
88 to 461.81, the Solidity of the Cylinder K L M. | 


XVIL 7, he Axis and Periphery of a right C "ylinder given; to firid the Solid 
- Content. 
ET the Cylinder KL M (Fig. IX.) be given, whoſe Circumference LNMO is 
21.991, &c. and whoſe Axis KO is 12, and the Solidity thereof is required ; 
which to find this Is the 


' RULE: 
Multiply the Circumference in it ſelf, and the Produtt thereof multiply by the Axis, and 
that Produtt again (always) by 113; which Produft divide (always) by 1420, and 
that Quotient will give the Solidity. | 
I. Arithmerically. l 
Example : The Circumference of the Cylinder OL NM is 21.99, &c. which tmulti- 
plied in It ſelf produceth 483.56, &c. that Product being multiplied again by 12, (the 
Aris K O,) produceth 5802.72, &c. And this laſt ProduCt being again multiplied by 
113, (the Proportional Number for the Diametre of a Circle,) will produce 655707.36, 
&c, which laſt ProduCt being divided by 1 420, . (that is, by 355, the Proportional Num- 
her for the Circumference of a Circle, multiplied by 4,) that Quotient will be 46 1.8, 
&c. for the Solidity of the Cylinder, as before. | 
2. By Logarithms. 


The Logarithm of 113 ig—— — -2.,0530784 
The Logarithm of 5802.7 is — —_— — — zz, 6363 dr 
Their SumMM 16———— —— ——.316708g 
From which ſubtraC&t the Logarithm of 1420, — 3.152288 3 
The Remainder is ———— | 2.66 44202 


Which is the Logarithm of 461.8, &c. the Solidity of the Cylinder, as before. 
3. Inſtrumentally. | 

Extend the Compaſſes from 1420 to 113, the ſame extent ſhall reach (the ſame way) 

rom 5802.72 to 1461.8, the Solidity of the Cylinder. — 
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SECT. 1. 

Variety of Dimenſions, Linear, Superficial, and Solid, 
of the Five, Plain, Ordinate, or Regular Bodies, 
commonly called the Pythagorean or Platonick Bodies 
Arithmetically, by way of Proportion, to a Millimille- 
nary Part of the Integer, and analytically contrafeq, 


L LINEAR. 
Axis, as 1. to .$16497 fere. \W: 


i. The Side of a Terrac- 
dron Is to its Circumſcribing Sphere's Axi-, 
| as 1. to 1.224745 fere. ; 
alike. 


yy as 1. to 1.224745 fere. 


2. The Axis of a Tetrae >” | | 
dron.is to its Circumfcribing Sphere's Aris, 
| as 1. [0 1.5 ſab-ſeſquialera. 


3. The Axis of a Sphere is (Side, Þ' .816497 fere. J} 
tothe inſcribed Terrat< as 2. to 
| .666666, &c. ſeſquialera, 


draws Axis, 
' 'COftararon is to its Axis,Diagonal, 1.414214 ferey2. 
4. The Side of ded re ; or Circumſcribing T 320Jy 3 


Icoſaedron Sphere's Dimetient 


IQO2113 
- CDodecaedron as 1. to C2.802517 
| Contrarily, 
5- The Axis, Diagonal, or COX aedron | 707107 ferey; 
angular Diametre, ( or ) Hexaedron is to the Side, ) .57735v7- 
_ Circumſcribing Sphere's ) koſacdron as. to. (Y.,5925731 
Diametre,) of the Dodecaedron 356822 
"% Tetraedron, 2.4494 9 fere. 
= 9 Oftaedron 1.22 5 ſubdupla. 
6. The Diametre of a Sphere is to p E743, 
: : Hexaedron aS1.to 1.00 © equalis, 
the Side of the Circumſcribed Y, oſac v wheat 0.66158 
Doaecaedron, 0.449028 fere. 
Tetraedron h .4082 48 
|  YOMaearon ' is to the inſcribed Y .816 4 97 dupla. 
7. The Side of the J Hexaedron Sphere's Diametre, 1.0 0, &c. equalis. 
Tcoſaedron as 1. to I.S11522 


Dodatcatdron 2.22703 3 fere. 


The two laſt of theſe Proportions are conſequently of the Sides of thoſe two Bodies 
_ to their Altitudes. * 


8. The Terraedron's Axis is to its inſcribed Sphere's Axis, as 1. to .5, dupla. 
And therefore contrarily, 
* A og of a Sphere is to the Axis of its Circumſcribing Tetraedron, as 1. to 2. 
ub-dupla. 
10. "Lhe: Axis of a Terraedron's Ambient, or external Sphere, is to the Axis of its In- 
{cribed or internal Sphere, as 1. to .3333, &c. infinitely, viz. 3 to 1, #ripla. 
And thereſore converſely, EE 
it. The Axis of a Terraedror's inſcribed Sphere is to the Axis of its Circumſcribing 
Sphere, as 1 tO 3, ſ«b-rripla. 


12. The 


IC 
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12, the Axis of the Cir- _ is to its Inſcribing $7735v3z 
cumſcribing Spnere's — Sphere's Diame- 


: : Dodecaedron 
r.t0 
Diametre of The leoſaedron tre, as 


794654 
And ſo conſequently, the latter of theſe two Proportions is to be underſtood of the 
Axis of thoſe two Bodies to their Altitudes. 


13. The Inſcribed Sphere's Dia- C Hexaedron, 
metre is to the Circumſcribing ) Oftaedron, IS 1-7 I'S 0543 
Sphere's Diametre (or the Axis Y Dodecaedron | 
or Diagonal) of the Icoſacdron, : [5 as 1. Ja i $8401 feed. 


And fo the latter of theſe two Proportions, is of the Altitude of theſe two Bodies to 
their Axes : And by the 10th and 11th beforegoing, it appears that theſe five Bodies, 
in reſpect of their Spherical Inſcription and Circumſcriptiou, do require three Uiſtinft 
Spheres : For they being all ſeverally inſcribed within one Sj:here, cannot then alfo be 
exactly circumſcribed about one Sphere, but three ſeveral Spieres, whereof; : | 

a 


Tetraedron, will be the leaſt. | 


Hexaedron, or Cube; ) T% 
That which is in- | and will be Equal 3 and the Mean; 
Moy " < Oltacearon, | 
ſcribed 1n the 
Doaccaedron, 
and 6 will be Equal, and the Greateſt. 
Lloſaedron, ENES 
Contrarily, 


Theſe five Bodies being ſeverally circumſcribed.about one Sphere, cannot then again 
be inſcribed in one Sphere, but muſt have three ſeveral containing Spheres ; of which, 


 (Terrdedren, will be the' Greateſt, CES 


1 Hexaedy, or Cube 
and 


That for thee 


'$ wi be Equal, and the Mean. 
Oftacaron, ) ; "wah 


| 


| Dodecaearon, | | 

© on .* IT be Equal; and the Eecaſt. 
Z Licoſataron, ; | CE | AP 

And the like may be obſerved in: thefe five: BaUies, as being Infcribed withir, or 
Circumſcribed*abour, one Sphere, in refpeCt of the Circles circumſcribing their Baſes; 
the Diametres of theſe Circles, and of the'Bbdieg circumſcribing, and inſcribed Sphere 
teing comparerogether. | 


| -:}. Whetdfore, 

14, The Diz-q Terredrox :y 42809 
metre of the Hexeedron Fo is to the Diarfietre of the Yy ——=————— 
Sphere cir-"' & O4tedron Circle circumſcribingits<' :$ 16-4 9 7 fere. 
cumſcribing, 4 Dodecaparon \: Baſes) as '1.'to SER REIEE 6 5th 
the Ieoſaedron .6Q7TOG2. ': . 


5 the ſecond and, third of theſe' Ptopottions are alſo of the Axes or Diametres of 
theſe four Bodies; to-the-Diametres of theit Baſes ambient Circles; which'in tte Hexac- 
@m, is of the Bodies Diagqnal, to the Baſial, or ſuperficial Diagony. | 


'Tetraedron A 4 2.828427 
15 The Diam. \ Hexaearor is tothe Diametre of the - 
vkthe Sphere Otbatdr on Circle circumſcribiig; '<2.41 - 2.14 fer: 
Inſcribing the /Dodeegedron \ - - its Baſe, as 1..to— Jr —— 
Keoſardron' 0.763932 


And ( the ſeebnd'bF theſe Proportibus is conſequehitly of the Hexaedron's (or Cube's) 


ode to its'Balial*Diavzony. 
gony 16. The 


- 
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16. The Diam. C Tetraedron 1.06066 
of the CircleY Hexaedron (is to the Diametre of its = EEE 
circumſcri- <Otaedron Circumſcribing Sphere,Q1.22 4745 
bing the Baſe } Dodecaedron as 1. tO oe COLLEREN 
of the Icoſacearon . 0.64727 8 


And f the ſecond and third of theſe Proportions are alſo of the Diametres of the B3- 
ſial ambient Circles of theſe four Bodies, to their Axes, or Diagonies; which in the 
Hexaedron is of the Baſial or Hedral Diagony to the whole Body's Diagony. 


Tetraedron 0.353553 
17. The Diametre of the Hexaedron (is to its inſcri- rms 
Baſial or Hedral ambient q Ottaedron bed Sphere*sJo.7 © 7 1 07 fere. 
Circle of the Dodecaedron Diarn. as 1. to SEO 
g . Icaſaedron 1.309016 


And ſo the ſecond of theſe Proportions is of the Hexaedrons Baſial Diagony (or Dia- 
metre) to its Side. 1 | | 

And the laſt of theſe Firoportions is of the Baſial ambient Circle's Diametre to the 
Altitudes of thoſe two Bodies. 

From hence is ſeen by theſe four laſt Seftions of Proportion, that theſe five Bodies 
being deſcribed either within or about one Sphere, have only three ſeveral Circumſcri- 
bing or containing Circles for their Baſes; whereof, 


\ Tetrardron, is the greateſt. 


He xaedron, | 
and C are both one, and the Mean. 
That which is for tes OZacdron, 


Dodecaedron, 
and 6 are Equal, and the Leaſt. 

L /coſaedron, 

Now let what is already delivered for the Linear Proportions of theſe Bodies (in re- 
ſpect of their ſeveral Lines of Dimenſion, conſidered abſolutely in themſelves, as 
alſo being inſcribed and circumſcribed, and that in relatiog to the Diametre of 
the Sphere circumſcribing and inſcribing) ſuffice.” And fram theſe I ſhall proceed 
to the like Proportions, in reſpeCt of the Circumference anſwering to the ſaid 
Sphere's Diametre ; and therefore, | 


; Tetraedron, .25989 9 fere. 

1. The Circumference of a Sphere*s YOtaedron, Fs 225079 
greateſt (or Central) Circle, is\ Hexaedron, > as1.tof 183776 
to the Side of the Inſcribed Tcoſaedron, * 167345 
| Dodecaedron, ' 113580 
Contrarily, 
Tetraedron 3.847649 
Oftaearon is to the Circumſcribing Yq4.4 4288 3 
2. The Side of the< Hexaedron Sphere's greateſt Cir-<5.4 4 i 3 98 
Icoſaedron - cumference, as 1. to /4.97 5664 
Dedecaearon = 8.804369 


3. The Periphery of a Sphere's greateſt Circle, is to its inſcribed Terraedron's Axis, 

as I. to .212206, *. | ; | 
And ſo contrarily;. . 

4- The Axis of a Terraedron is to its ambient Sphere's greateſt .Periphery, as !- t9 


4-712339: " : | ror a8 
etraedron, 779697 fere : 

Oftaedron, | | 4 $9848 $ ſubd 
F<, The ſame as the Circumfe- 


5- The Periphery of a. Sphere's ; 1 \, {} rence to the Diametre, 
greateſt Circle,, is to the Side of 5 Hexaedron, þ as 1.to 4 the Side of this Body be- 
the ambient | "OE —_.* + ingequaltothe Spheres 

| Diametre. 
| 21058 9g fere. 
142930 


Tcoſaedron, 
'\ Dodecaedron, } 


Contra- 


—— < 
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| = -  _Contrariwile, , 
efrraearon x.3 8 2 
Octtacdron } 2.56 5 3 * dupla. 
( is to the Inſcribed JThe ſame as the Diamette 


6. The Side of the / Hexaedron 


Sphere's greateſt Pe- \ to the. Circumference ,- 
( riphery, as 1. to / for the reaſon aforeſaid. 
lcoſaedron 4748589 
Dodecaedron 6.996430 


7. The Periphery of a Sphere's largeſt Circle, is to the Axis/of its ambient Terrae- 
dom, as 1. (0.63662 SR Pay | 

8. The Axis of a Tetraedron is to its inſcribed Sphere's greateſt Periphery, as 1. to 
1.579796- . 
Il. and Il S@PERFICIAL and SO LID. 


Having thus laid down the Linear Proportions in theſe five Bodies, for the meaſuring 
of them, I ſhall now come to ſhew The Proportions, both Superficial and Solid, dedu- 
ced from thence, and that (for breyity ſake) conjunctly. | 


Solidity. _ Stperficies. 


Tetraedron . . 0.117 8 F113 I732 0508s 
to the Bodies ©? 7 TAL... 
1, The Cube Oftaedron a Solidity and 0-47 149452 | 3-46 4102 fere. 


and 5quare He xaedron . 1.00 000 egualis 4 6.0 © © ſub-[exty 
of the Side Icoſaedron | Superficies, as 2.1816 nal 8.6 6 ci = Na 
of the Dodec 1- tO $ 4 
aedron 7-663119 20.645729 
| Hence, 
| Tetraedron is to the Side of theC 0.49028 1.316074 
2, The Qtaedron Cube and Quadrate, Yo.7 78346 ferb. [1.86121 
Side S Hexaedron equal to the Root's 2.44949 
_ ofthe p coſaedron Solidity and Superfi- 1.29697 | 2.94283 
Dodatcaedron ciality, as 1. to 1.971523 4:543757 


Hereby it appears, That theſe five Bodies having all of them the ſame Side, the 
Oftaedron is quadruple to the Terraedron in Solidity, and double in Superficiality : 
The Hex+edron (or Cube) is bigger than both thoſe together,, both in Solidity and 
Superficiality : The Icoſaedron is greater than'thoſe three together in Salidity, but 
le(s in the Superficies; and is herein quintuple to the Terr aedron, and fo 'double- 
ſeſqui-akter to the Oftaedron z and the Dodecaedron is larger*than all the other to- 
gether, both in Solidiry and Superficiality. 


” . Thed of the Tertraedron's F", Ca 1.to g -— ONES 


Square Axis, 1s to Its Superficies 2.5980 7 624 * 


Hence, 


4. The Axis of the (Cube ' | CGvoliduy, 0.600468, 
Terrgedron Is od equal tO1ts 1, tO& £ 
the Side of the CSquare Superficies 1.611855 fere. 

Then for the Terracdron in reference to a Sphere, it followeth, 
. CCube of the Diametre of a CSolidity, 0.0641500299 
F. The c Sphere is to the In- 3 294 1. toe 
'  CSquare), ſcribed Terraedron's CSuperficies, 1.1547005 
PE: - . -- Hence, 


6. The Diametre c ; equal to the Inſcri- om vi 2 Poe, 03123 


of a Sphere is to --C- YES 
the Side of the QSquare,) P*5 74744975 Uuperficies,) ». 1.0745699 


Now for the other four Bodies, (1.) Simply if themſelves: and (2.) in relation to 
their Ambient (or Circumſcribing) Sphere. 


o 


|  Solidiy. , | Superficies.. 
7- The Cube ( Ofaedron's Circmiſcriting a .16666 7 fere. | 1.7320508 
&Sq.of the )Hexgedron's ( Piam. ib rothe Bo- Yi, 2 15 009 2.9 © ſub-anpla. 
Ax# or Di. Y Icoſaedron's oy” Hy 3140189 2.395035 
'> , \ Superhiciality, as J* | SY 
an. of the ( Dodzcaearon's ) 1. to (.3438145 2.628656 7 ve 
| cnce 
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 Sohabty. Super ficies. 
8. The Axis (Oftaedron's Y Circumieriving Spheres (gg 0 3 i : | 1.31 wg 
Diagonal, JHexaedror's the Side of che Cube 5773 1.41421 
or Angular Yſcoſaedron's and Square, equal to Y 6 8186 1.54714 
a 5 the Body's Solidity. & we g fe , 5 
Diam. of the ( Dodecaedron's Superficialicy, as I. to 703403 FE l.O21313 
— Id Gabe and Tetraearon 1.7 320508 | 10.3923048 
9. ine Give an The ſame as the Square and C 
Square of a Sphere's )Hexaedron the Side. 5q ube of 
$-I96152, 
. . »Q * 4-1 6 2 7 [ 9 
ibin 
of its Circumſcribing Sette bary49 479034 


to, The Dimetient 
of a Sphere is to the 
Side of the Cube and Hexadron 
Square, equal to the gg... 


Solidity and Superfi- Dodecaed: on 
cies of the ambient lcoſaedron 


The ſame as in the Side of this Body, 
agreeing with the Inſcribed Sphere” 
Dimertient. 

fo 3193 [203027; 


Diametre is to the So- > as 1.to 
al ; Aacdron 8660254 
lidity ang Sppericies {Dairche \ | a: 93786 
0. 


FM Fr 00937, [ 3-223710 


aS 1. to 


0.8 269 2.040274 
o.8 5 o58 1.946932 


By this, and by the third and ſeventh Sections following, it appears that theſe fire 
Bodies being all deſcribed about one Sphere, the Terraedron is the biggeſt of all, both 
in Solidity and Superficiality, and is exactly double to the Ofaedror in both dimenſions, 
and very near as big as the Hexaedron and Ofaedron both together, in reſpe& of both 
. dimenſions; and the Tcoſaedror is the leaſt of all in both Dimenſions; which is almoſt 
contrary to the former conſe obſerved in theſe Bodies, being deſcribed in one Sphere. 


Now for the like Proportions in relation to the Circumference of a Sphere's greateſt 
Circle ; and Firſt, of theſe Five Bodies, being inſcribed in a Sphere. 


| Solidity. _ Superfiter. 
t. The Cube and Sq Tetraedron 0020689369 .I169956 
of the greateſt Circumfe- YOctaedron 0053752557]-1754934 
+rÞþ —_— Hexaedron as 1. to 4.0062068106 -202642367 
r an T Tcoſaedron 01022434 2425259 
Content of the Inſcribed adbas 01122822 266338 
Therefore, ; 
2. The Circumference © Terr aedron, | 0.127423 4342046 
of a Sphere's greateſt Cir- Ofazedron, 0.175173 fere. | .4 18919 
cle is to the Side of the H a 8 8 
Cube & Squ. equal to the Y{Zexacaron, as 1. to<o0.153776 4 O15 
Solidity ' and Superficial / /coſaedron, 0.2170427 .492469 
Content of the Inſcribed C Dodecaedron, 0.223925 51608 fere. 


Then for the Proportions Cubatory and Quadratary, in relation to a Sphere's gres- 
teſt Djametral, or true Periphery, in reſpeCt of theſe Bodies Spheral Circumſcriptibili- 
ty ; it followeth, | | 


| Soliduy. Super ficies. 

3- The greateſt peri- Tetraedron, .o055861296 ] 1.0529606 
pherial Cube and Square ) Hexaearon, 032251534 | 0.6079271 
of a Sphere is to the Scli-YOttaedron, Y, as 1;to .027930648 10.52648034 
dity and Superficiality of Dodatcaedr on, 02237567 0.421797L5F 
Irs containing or including Icoſaedron, - Co:035514 0.3840622 

Whereupon, 

wok The [gent —_, .38 bs 701 | 1.02 wp 4#- 
riphery of a re is to | EXAECAT ON .310309 ..17 7969 
Side of the Cube and Square, v 
os Reed, (10 y320340798 | 22556896 
or Compithending " Oy carat tees + 049439 


Tcoſaedron, | 2731284 1 .619727 
| Laſtly, 


ex I 
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Le{tl}, for thoſe Bodies, and a Globe or Sphere compared wholly together, both $o- 
idly and Super ficially, and that according to their 'Inſcription and Circumſcription, the 
Proportious will be as followeth. 


Soliduy. Super fictes. 
12251753 3075 526 fere. 


ads LEN 
{ Solidity and Su. Y.3.18309886 55132889 5 


5. -\ Globe Oftaedron's 


or Sphere IS 7 Hexaedron's * perficiality roge-Y.36 75526 fere. 1 .6366197 7 
rothe Julcrt- lcoſaedron” (ther, as 1.0 GoO5g461Ty T619178g 
bed Dodecaedron's .6649087 8367272 
THY; - Contrariwiſe, \ 
Tetraedron is tothe Circumſcri-c 8.162097 [27920699 
YOMararon bing Globe, ory\3.14159265 |1.81379936 
6. The Hexaedron Sphere's Solidity<2.7 20699 1.5707963 
)leocaron and Superficiality 1.6516327 fere| 1.312477 
Dodecaearon together, as 1. toCi.5 03966 | 1.195133 
(Terraedron, [1's O 79 7337 
Hexataron, 1.9098593. The ſame as of 
both Solidly and , 
7, A Globe, A | [ and — | po pps nm the Cube of its 
* Gohere,, is LO Its4\ together, (in one« : | 
phe! - | Ottacdron, Mrs 19 FA Kee I.6 53 93 66 8. Subduplum Te 
I my ſon,) as 1. to Ira. 
Dodecaearo, arp 1.325034 
Lleoſardrtn, } | L01.206567 
7 Converſely, 
'CTetraedron Y C.3 0229989 
Hexaedron .5.2 3598-7. The ſame as of 


is to the Inſcribed Globe, Sears I—_ $ Axio is 


{ or Sphere, both Solidly! . _ 599 88. Double to the 


{ and Superficially toge- ; EY, , 
ther, as 1. to > 4- Sphere inſcribed in the Te 


| 
$. The J Oftaedron 


' traedron. 
Dodecaedron 1:7548973 
LL /coſaedron } L8287974 


B theſe two laſt Seftions of Solid and Superficial Proportions, between the Five 
Ordinate Bodies and a Globe, or Sphere, it appeareth that any of the ſaid Bodies being 
Circumſcribed about a Sphere, the Solid and Superficial Capacity thereof will be, nu- 
terically, one and the ſame. Alſo, Two diſtinCt Spheres being Inſcribed in two ſeve- 
ral like Bodies, (whereof the Solid Meaſure of the one, and the Superficial Meaſure of 
the other, are numerically the ſame,) there will the Solidity of one of the Inſcribed 
Spheres, and the Superficiality of the other, be alfo numerically the ſame: A Note 


wrth the obſerving, 
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b: SECT, Iv: 
Of certain Paſſions and Properties of the Five Regular 
Bodies , commonly called the Pythagorean, or Plato- 


nick, Bodies. 
I. Of te TETRAEDRON. 


I. Tetraedron is divided into two equal Parts by three equal Squares, which cut 
one the other into two equal Parts at right Angles in the Centre of the Terrae- 
dron, and whoſe Angles are ſet in the middle SeCtions of the Sides of the Terraedron, 

2. From a Tetraedron are taken away four Pyramids like unto the whole, which utter. 
ly take away the Sides of the Terraedron; and that which is left is an Ofaedron inſcribed 
in the Terraedror, in which all the Solids inſcribed in the Terraedron are contained, 

3- A Perpendicular drawn from the Angle of the Terraedron to the Baſe, is double to 
the Diametre of the Cube inſcribed in the Terraedron. And, 

4. A right Line coupling or joining the middle Seftions of the oppoſite Sides of the 
Terraedron, is triple to the $ide of the ſame Cube. + 

5. The Side alſo of the Terraedron is. triple to the Diametre of the Baſe of the Cube. 
Wherefore, 

6. The Side of the Terraegron is in power double to the right Line which joineth the 
middle SeCtions of the oppoſite Sides. And, ; 

7. The ſame right Line is in power /e/quialter to the Perpendicular which is drawn 
from the Angle of the Terraedron to the Bale. Wherefore, 

8. The Perpendicular is in power ſe/quiterti« to the Line which conpleth the middle 
Sections of the oppoſite Sides. 

9. A Tetraedron and an Ofaedron inſcribed in it, and alſo an Icoſardron inſcribed in 
the ſame Oftaedrorn, do contain one and the ſame Sphere. | 


Il. Of te OCTAEDRON. 


pour Perpendiculars of an Otaedron multiplied in four Baſes thereof, from the 
two oppoſite Angles of the ſaid Ofaedron, and joined together by thoſe four Ba- 
ſes, deſcribe a Rhombas ; one of whoſe Diametres is in power double to the other, for 
it hath the ſame proportion that the Diametre of the OXaedror: hath: to the Side of the 
_— and an Otaedron and an Tcoſaedron inſcribed in it, do contain one and the 

e Spnere. | 

2. The Diametre of the Solid of the OZaedror is in power ſeſquialter to the Diame- 
tre of the Circle which containeth the Baſe. And, 
| ke =p P power triple to the right Line which joineth the Centres of the oppoſite 
Baſes. And, 

4. It is in power duple ſuperbipartiens tertias (3.6. as 8 to 3,) to the Perpendicular 
or Side of the foreſaid Rhombus. And moreover, 

5. It is in length triple to the Line which joineth the Centres of the next Baſes. 

6. The Angle of the [nclination of the Baſes of the OZaedron, doth with the Angle 
of Inclination of the Baſes of the Pyramis, make Angles equal to two right Angles. 


III. Of the HEXAEDRON, or CUBE. 


ET _—_— of a Cube is in power ſeſqialter to the Diametre of his Baſe. 
nu, 

2. Isin power triple to his Side. And, 

3. Unto the Line which joineth the Centres of the next Baſes, it is in power ſextuple. 
- 4. The Side of the Cube is to the Side of the /coſaedron inſcribed in it, as the Whole 
is to the greater Segment. 

5- Unto the Side of the Dodecaedron, it is as the whole is to the leſſer Segment. 

6. Unto the Side of the Ofaedroy, it is in power double. And, 


--, Unto 


— 
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| 7. Unto the Side of the Terraedron ir is in power ſubdupla, Moreover, 
"8 The Cube is triple to the Terraedron; but to the Cube the Dodecaedron is in a 
manner dupla. Wherefore, | | 

9. The ſame Dodecacaron 1s 1n a manner ſextuple to the ſaid Tetraedron. 


IV. Of the ICOSAEDRON. 


; Tivo Triangles of an /coſaedron-do make a Solid Angle, the Baſes of which Triangles 

make a Pentagon; if therefore from the oppoſite Baſes of the 1coſaedron be taken 
way the other Pezragon by them deſcribed, thefe Penragons ſball in ſuch ſort cur the 
Diametre of the /coſaedror, which coupleth the forcſaid oppoſite Angles; ſo that that 
part which is contained between the Plains of thoſe two Pentegons, ſhall be the greater 
Seement z and the refidue, which is drawn from the Plain to the Angle, ſhall be the leſ- 
ſer Segment. ng JE. | 

2, if the oppoſite Angles of two Baſes joined together be joined by a right Line, the 
erearcr SELMENT of that right Line is the Side of the /coſaedron. 

;, A Line drawn from the Centre of the Icoſaedrox to the Angles, is in power quin- 
tuple to half that Line which Is raKen between the Pextagons, or of the half of thar 
Line which is drawn from the Centre of the Circle which containeth the foreſaid 
Perracon , Which two Lives are therefore equal. : 

4 The Side of the Jcoſaedron containeth in power either of them, and alſo the leſſer 
Segment, namely, the Line which falleth from the Solid Angle to the Pentagon. 

5. The Diametre of the /coſacdron containeth in power the whole Line which joineth 
the oppoſite Angles of the Baſes joined together, and the greater Segment thereof; name- 
ly, the Side of the [coſaedron. 

6. The Diametre alſo is in power quintuple to the Line which was taken between 
the Penragons, Or to the Line which was drawn from the Centre to the Circumference 
of the Circle which containeth the Pentagon, compoſed of the Sides of the Tcoſaedron. 

7. The Dimetient containeth in power the right Line which joineth the Centres of 
the oppoſite Baſes of the 7coſacdron, and the Diametre of the Circle which containeth 
the Bale, Moreover, | | 

$. The ſaid Dimerzent containeth in power the Diametre of the Circle which con. 
tainech the Perragon, and alſo the Line which is drawn from the Centre of the ſame 
Circle to the Circumference : That is, 1t is quintuple to the Line drawn from the Cen- 
tre to the Circumference. | 

9. The Line which joineth the Centres of the oppoſite Baſes contains in power the 
Linzwhich joineth the Centres of the next Baſes, and alſo of the reſt of that Line of 
wich the Side of the Cube inſcribed in the [coſaedron is the greater Segment. 

10. The Line which joineth the middle Sections of the oppoſite Sides is triple to the 
Side of the Dodecaedron inſcribed in it. Wherefore, | 

11. If the Side of the Icoſaedron, and the greater Segment thereof, be made one Line, 
the third part of the whole is the Side of the Dodecaedron inſcribed in the Tcoſaedron. 


V. of te DODECAEDRON. 


I THE Diametre of a Dodecaedron containeth in power the Side of the Dodecaedror, 
and alſo that right Line unto which the Side of the Dodecaedron is the leſſer 
&gmert, and the Side of the Cube inſcribed in it, the greater Segment ; which Line 
5 that which ſubtendeth the Angle of the Inclination of the Baſes, contained under two 
Perpendiculars of the Baſes of the Dodccacdron. 

2, If there be taken two Baſes of the Dodecaedron, diſtant one from the other by the 
length of one of the Sides, a Line joining their Centres, being divided by extreme and 
mean Proportion, maketh the greater Segment of the right Lihe which joineth the Cen- 
tres of the next Baſes. 

3. I by the Centres of five Baſes ſet upon one Baſe, be drawn a plain Saperficies, and 
dy the Centres of the Baſes which arc ſet upon the oppoſite Baſe, be drawn alſo a plain 
Superficzes, and-then be drawn a right Line joining the Centres of the oppolite Baſes, 
nat right Line is ſo cur that each of his parts fer without the Plain Sxperficies, is the 
pſeater Serment of that Part which is contained between the Plains. 

+ The Side of the Dodecaedron is the greater Segment of the Line which ſubtendeth 
the Angle of the Pentagon. 
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5. A Perpendicular Line drawn from the Centre of the Dodecaedron to one of the Ba- 
ſes, is in power quintuple to half the Line which is between the Plains. And, 

6. Therefore the whole Line which joineth the Centres of the opgoſite Baſes is in 
power quintuple to the whole Line which is between the ſaid Plains. 

7. The Line which ſubtendeth the Angle of the Baſe of the Dedecaedron, together 


with the Side of the Baſe, are in power quintuple to the Line which is drawn from the 


Centre of the Circle which containeth the Baſe to the Circumference. 

8. A SeQtion of a Sphere, containing three Baſes of the Dodecaedron, cutteth off one 
third of the Diametre of the ſaid Sphere. 

9. The Side of the Dodecaedrov and the Line. which ſubtendeth the Angle of the 
Pentagon, are equal to the right Line which joineth the middle SeCtions of the oppoſite 


' Sides of the Dodecaedron. 
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SUPPLEMENT 


Two foregoing BOOKS 
| Arithmetick and Geometry, 


ALGEBRA. 


HIS Traflate (as te the Subjet Matter of it) ſhould have comie at the end of the 
Firſt Book, (as a Fifth Part thereof;) but foraſmuch as ALGEBRA cannot 
be with profit attained unto without a competent knowledge ix Geometry, as of 

fab Definitions, Theorems, and Problems as are contained in the Second Boo hereof, 
which treateth only of GE O METRY, as we/! as of Arithmetick in» Whole Numbers 
and Frations, both Vulgar and Decimal, which are the Subjefts of the Firſt Book of 
ARITHMETICK; / therefore choſe ( as moſt beneficial) to place it here. | 

Who was the firſt Inventor of this kind of Arithmetick { commonly called ALG EBRA,) 
I dv not find ; but ſome do attribute the Invention if it to one Gebar, a learned Man, ex- 
celent in Numbers, Geometry, &c. who (in likeneſs to his Name) call it Algebra. But 
he cannot be the firſt Inventor ; for a Greek Philoſopher and Mathematician, named Dia- 
phontus, ( /ong before Gebar's time,) wrote Thirteen Books hereof, Six of which are yet 
extant ; and the trae Name of this Art is ALGIEBAR, and not Algebra, as by the 
Arabian Avicen may be proved, from what Dr. John Dee, in his learned Preface before 
kuclid's Elements, ſays concerning it, viz. That Andreus Alpagus ( one moſt perfett in 
the Arabick 7omgue ) ſo tranſlates Scientia faciendi Algiebar & Almachabel , z. e. Sci- 
entia inveniendi Numerum ignotum, per Additionem Numeri, & Divifionem, &G = 
qutionem : That is to ſay, The Science of working Algiebar and Almachabel, i. & The 
Science of finding an unknown Number, by Adding of a Number, and Diviſion, and Aqua- 
tim. Let this ſuffice concerning its Original and Name ; ayd now T intend to grve the 
Reader an account of what I ſhall doe in it in this Supplement. 

Firſt then, for the Symbols here uſed, and the Method obſerved, it is that of Mr. Tho- 
mas Harriot, in ſuch Equations as are propoſed in Numbers ; that of Des Cartes in ſuch 
Aquations as are Solid and not in Numbers ; and both of them as they were many years 
fnce intermixed by my much honoured Friend Mr. Tho. Gibſon, whoſe Order and Methed 1 
bere principally follow, with ſome ſmall augmentation, but little or no alteration; and ( at 
the cloſe) 1 have added Sixteen Equations arifing from a Quantity divided into two un- 
equal Parts; and the Second Book of Euclid's Elements demonſtrated in Specics, which : 
low fince received from my worthy Friend Mr. John Leek, Reader of Mathematicks in Lon- 
don, in which the Charatters and Symbols there uſed, are thoſe of Mr. Will. Oughtred, that 
emment and peerleſs Analiſt, and my warthy Friend. — 
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IHE unknown Quantity of any Xquation 
T is called ( generally) Poreſtas, or a 
Power, Quantity, or Term. - 

11. A Rettangle is in Numbers the Product 
of two Numbers multiplying one another, in 
Geometry, it is the Area, Space, or Content of 
a Right-angled Quadrangular Figure, made al- 
ſo by the Multiplication of two Lines, which 
are called the Sides, of which one is the mea- 
{ure of the Breadth, the other of the Length. 

Il. A ReRangled Parallelipipedon is the Pro- 
duct of 3 Reftangle multiplied by a right Line, 
or Number; and if that Line, or Number, and 
the Length and Breadth of the Rectangle, be 
ſeverally equal, 'it is a Cube, or Die. 

IV. A Priſm is a Solid contained within five 
Superfixies, of which three are Qnadrangular, 
and the other two, which are oppolite, are 
Triangular. | | 

Theſe Four may ſuffice in this place, becauſe 

they are treated of at large in the Firſt 
Sections of the Firlt and Second Parts of 
Geometry, in the Second Book hereof. 


The Names of the Poteſtates, or Powers. 


1. The Firſt Power Is called a Side, or 
Root : The latter word Root is molt uſed here, 


and it is ſignified thus 4. 
2. The Second Power is called 'a Square, and 


is Written thus 4 4. 


A TABLE of the Poteſtates, 


3. The Third is called a Cube, and it is thus 
written 444, and ſometimes for brevity 4? 

4- The Fourth is a Biqradrare, or Squared 
Square, and is thus written a444, or ſome 
times thus a*. _ : uf 

5. The Fifth Power is called a Szr/o/jd, writ- 
ten thus 4444 a, or thus a*. 

6. The Sixth a Squared Cube, written thus 
aaaaaa, Or thus £5 x 5 5 

7- The Seventh a Second: Surſolid, and it is 
written thus 4444444, 0r thus 4”. 

8. The Eighth is called a Squared S-1are 
Squared, and it is written thus aaaaaaaa 
or thus a*, cc. ' 


CONSECTARY. 


I, It 1s hence manifeſt that theſe Powers un- 
interrupted are in continual Proportion 
the Proportion of them beipg as a to Uni. 

_ ty, or the Converſe. Fo” 

Il. It is alſo here plain, that every Power 
hath ſo many Dimenſions as the Letters 
wherewith It is written: For 444 4, or 
a* being written with four Letters, if one 
Letter ſtand for one Dimenſion, that is, 
Root, Side, Length, or Breadth, the other 
three ariſe by three ſeveral Multjplica- 
tions, and every Multiplication adds a Di- 
menſton in this ſenſe. 


or Powers, of the Nine Digits. 


The Number of the Powers. 
LT. |0.1- HH. | Iv. [N71 VI. VII. | VIII. | IX. 
SL HEL ST $2 I I I I I 
2 I. | 4 8 16 32 6 4 128 256 7's 
S l.|[9|27 $2 | 243 729 2187 6561 19683 
» |= 1V.[16 64|256|1024| 4096 16384 65536 262144 
= V. [25jt25|625|3125|I5615| 78125 | 390625 I953125 
> VI. 136[21611296 7776|[47656|279936|1679616|1lo0077696 
5 VIL-|4 93 4 3/249 1[1 65807116649] 823543| 5764801 |40g53607 
S VIIL[S 4/5 12/40 96|32768/262144[2097152116777216|134217728 
z IX. |8$1/7 296 56115904953144114782969{4304672113879 420489 


Ms. 


In this Table the Digits in Numeral Letters 
at the Head, I. Il. II. &c. ſhew the Columns 
of the Second, Third, Fourth, &c. Powers. 

The Digits on the Left Side in Numeral Let- 
ters ſbew the ſeveral Roots, or Firſt Powers, 
and their Proportion to Unity. All the reſt of 


the Table is evident, being compoſed by conti- 
nual Multiplications into the Roots on the Left 
Side. Concerring the finding of the Roots to 
the higheſt Powers, ſee more in Logarichmeri- 
cal Arithmetick, Book 1. Part 3. Chap. 5- 
Page 159, 160, 
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CHAP. Il. 


An Explanation of the CharaQters, or Symbols, uſed in 
this Work. _ 


NE ſingle Letter of the Alphabet is uſu- 

ally put for any Quantity whatſoever, 

2 well Line as Number, whether known or 
unknown. 

But for the moſt part, where any Quantity 
is ſought, there 4, or ſome other Vowel, is put 
for it, and the other Quantities known , are 
fenified by Conſonants. 

Theſe Letters are multiplied one into ano- 
ther by joining them together without any 
prick, or Comma between ; neither doth it at 
all import which is firſt or laſt written; for 
bed, bdc, and c ba, are all one. 


a Aa. 
$ 4 multiplied = b Cproducet ab 
c 


ac 


The like of all others whatſoever, except 
Frational Quantities :; | 


Pi b+c 

If the firſt of theſe were to be multiplied by 
d, it js done by taking away the 4 under the 
Line, and the ProduCt is «ab +f g: If the ſe- 
cond were to be multiplied by b +c, it is done 
by taking away the Denominator 6b c, and 
the Product will be bc — fb + rc. 

For all FraCtions, as well in plain as Figura- 
tive Arithmetick, are nothing elſe but Quoti- 
ents of one Number divided by another ; and 
xe multiplied again by taking away their Di- 
viſor and Line of Separtion. | 

Diviſion is done 1n Figurative Arithmetick, 
moſt commonly, by applying ſome Line of 
Separation between the Dividend and the 
Diviſor. , 

avc 


— is « divided by 6, and —+— ſignifies that 
«bc is divided by f. 

But yet if the Letter f had been found in the 
Dividend, the application of this Line had not 
been neceſſary ; for it might have been better 
oo by raking away that Letter f out of the 

VIGend. 


5 «fc divided by f, the Quotient is ac. 


fc fc 
© [ \ * 
x hh = o , f ; the Quotient is p 
+ ( /: C 
: ffc 


And the like is to be underſtood of all others. 


C Majority, = 
| — wr 
ual ry = 
Symbols of Aion neg. 
| | Subtraction, — 


Lt Root of any Quantity, -/ 


"Se Continued, ! /! "A 
Proportionality 4 Disjun®t, ”" 2+ + ov 


b>c b greater thad c: 
b<c b leſs than c. 

So< b=c ſignifies <Q b equal to c. © 
b+c c added to b. 
b —c c taken from 6. 


2, ſignifies the Square Root of 72, &c. 

"IN of! il 7 ſignifies, that, 

As bis toc, ſoisc tod, and ſod to f. 
Likewiſe b' c'' f' g” ſignifies, that, 
Asbistoc, ſo isftog. 

Theſe things before expreſſed are almoſt ge- 
nerally received; and —_ not only for bres 
vity in writing, but perſpicuity in proving, as 
will be ſeen hereafter. > = 

And here Note, That whereſoever — is not 
expreſled, there -|- is underſtood, though it be 
not expreſſed. | 

If the ſign of Addition, namely +, ſtand be- 
fore any Quantity, it ſhews that Quantity to be 
more than Nothing, that is, Something. 

But if the ſign of Subtraftion, to wit —, 
ſtand before any Quantity, it ſhews that Quan- 
tity to be leſs than Nothing, or a want of the 
ſaid Quantity. 

So + 4 ſignifies Four of any thing ; but — 4 
_— a want of Four, or Four lefs than No- 

ng. 

In ADDITION. 

The Addition of a Want of any thing, is 
all one with the SubtraCtion of the ſame thing. 

Soifto-þ 12 you add — 5,, it makes + 7. 
And if to -+ 12 you add — 16, ig makes — 4. 
But if to 12 you add + 16, it makes + 28. 


In SUBTRACTION. 

The Subtraftion of —, is all one with the 
Addition of +, 

So if from -|- 12 you ſubtrat — 5, the Re- 
mainder is 17. | 

And if from +12 you ſubtra& — 16, the 
Remainder is + 28. 

The Addition of + to +, and Subtraftion 
of — from —, is ali one with common Addi- 
tion and SubtraCtion : And generally for both, 

In Addition, add the Quantities together 
with the ſame Sign. | ; 

1 
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In Subtraction, add them allo; bur all the 
Signs of that which is to be ſubtracted fron 
the other mult be changed. | 


Examples. - 
If i . F&—2 4-3 
Be added Cy « 75..ha IN 
The Summ is -|-15 — 5 =10 
Bur, 
If from 5 — 2 -- 3 


Be ſubtrafted + 5 + 1 -- 3 
Che Rem. will be +6 — 2+ 3—5—1+3=4 
And this Rule is general , and generally 
known. . 


In MULTIPLICATION. 
+2 + 
1 Cant W — Hats produceth T 


And more Varieties than theſe there are not. 
The Quantities that are accompanied with 
theſe Signs -|- and —, (in boch, Multipliers 
being placed one under another, as in common 
Multiplication, ) muſt be mulcip!1:d every one 
- below into every one above, and then the 
Work is done. 
And thus, if bb -b — c were to be mul- 
tiplicd into -|-f — g, you muſt place them 


thus : 

Multiply + 66 -þ b — c 

Into hs: Phees 4 
(--f 1 (+663 (+ bbf 
uy IF $1408 ' #24 
& po \ MUitiplied t —c i v3 —fc 
GT nee Invo I-+bb*2% — bbg 
ms | +6 | E|—bg 


| Ks if 20a Lc j tTcg 
Their Sum + b6bf—bbg-|-fb—fc —bg+cg 
And this is the true Product. 


In DIFISION. 

The Nuinber found ont by Diviſion is called 
the Quotient, [or Parabola, ] that is, the Ap- 
plication of a Plain to a Longitude given, ro 
fird out a Latitude agreeing therennto. And 
Note, That it a Number be applied to ano- 
ther Number, with a ſmall ſeparating Line 
_ drawn between them, it_ſhews that the upper 
Number is to be divided by the under Num- 


bers unto which it is applied : As — ſignifies, 
that 12 is to be divided by 8; and ſo = ſigni- 
2 


fies thar 9 is to he divided by 29, &c. 

But it this Line of Separation do not ſerve 
the torn, that is, if any deſire (and it may be 
done) otherwiſe; it muſt then be by ſeeking 
what Quantity may be multiplied by the Divi- 
{or to produce the Dividend. | 


SO 1 bbq bce—bf—b _ C 
to be dividell by #4-e-f © + fg, were 


Trial mult be firſt made whar Mixt Quanti- 
ty multiplying 6c — f will produce 6b + 
be —bf—bg —eg+fe. | 

In which there is this of Compendium, That 


: ſeeing the. Dividend confilts of fix Members, 


and the Diviſor of three, the Quotient muſt be 
of two, that is, a Binomial only. 

And becauſe the Quantity g is found in the 
Dividend, and not in the Diviſor, it' wuſff be 
in the Quorient. 

The ſaid. Quotient therefore muſt be one of 
theſe three, b-þg, b—g, or g—b. 

Ir cannot be the firſt, for +g into -- f 
would have produced --f'g ; but in the Divi- 
dend it is +fg, therefore it muſt be — g. 

By the ſame reaſon, it cannot be the laſt; 
as alſo becauſe — b into  b produceth — þ 6; 
but it is 66 in the Dividend. 

Therefore the Quotient ſought muſt be þ — 7. 

Some farther Rules for ſaving labour herein 

might be given, but theſe are ſufficient. 


Other Examples inſerted for Prattice. 
Il M ADDITION. 


To. +5cd gabed| —t5geges 
Add —2cdl —abed | 1gog 
— Summ+3cd| 4abcd| —4gges 
20 20 | 3bc 8 4b 
Add aa 2cd —3bc 


Summ 26+ aa | 3bc+2cd] +54b —=3bc 


i6ede+4db+5p] 30" +4ef—dg 
Add —B8cde—2db |-4c*+2dg=— 
(—3cde—db | 2c*+Hef—dg 


SUMM 5 c<de-j-db+5p|+o*Þ+oef—ab 
Ill In SUBTRACTION. 


From 3cd —$bc 

- Tee. | — ; be | 
Remainder 3 c4—cd [| Bbc—xbet 
Contracted 2cd | 3bc 


From 34a—2cd-|-ab 

Subtr. 4a-F34ab—3cd 

Rem. 344 —2cd-þab—aa—3abH+3cd 
From 6ace+3cd—bec 

Subtr. 4 ace —cd— 5be 

Rem. 6ace-F36d—be—4aceÞFcdÞ5bc 
Contr. 2ace-þqcd-þ4bec | 


I. In MULTIPLICATION. 
Multiplicand + a 6 —ac | —aef 
Multiplier +ade ! —ac | j-aaf 
Product +aabde| Haacc}| —aaacff 
Multiply ac + dg 
By cd 

acc+cag 
acdjddg 
Product accÞ+cagtacdþdde 
Multi- 
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Multiply 4a-F6c 


By mT a, 68 
dadaa-\-dabc 
—aadb—abbc 


Product ddaatdabc— aadb—abbc 


Multiply 4 | # — © 
yp. 
aa-\-ab—ac 
+ ab + bb—bc 
—C4—- C0 —CCc 

produſt 4a4-j-24b—2ac|bb—2cb+ cc 

Multiply 2 4 -|- 2 e — 8 

By SO 

44a p4e—164 

—194—10 e440 


aaa -gac—264-10e+40 


Iv. In DIVISION. 


Product 


_ p 
Divide cd by f 2, facit Fs | 3dce by 15b, T7: 
Let it be required to Wivide b a-þc a+bece 


by b-- c : Place the Members as in common 
Divigon, thus, 


t_ _ 


3dce 


Diviſor. Dividend. Quotient. 
b-+c) Al Toth (a+e 
are. . 
00 oo-Fbeqce 
be +ce. 
O00 OO 


Then ſee how often b (the firſt Member in 
the Diviſor) may be had in b a (the firſt Mem- 
ber in the Dividend, and the anſwer is 4, 
which put in the Quotient, and thereby mul- 
tiply the Diviſor bc, and the Produdt is 
ba+c a, which place under the two firſt Quan- 


ities of the Dividend towards the Left Hand, 
_ and ſubtraCt ir therefrom, ſo will the Remain- 


der be 00: To this bring down the remaining 
part of the Dividend, namely be+ce, and dt> 
vide be by e, and the Quotient will bee; b 
which multiply the whole Diviſor b +c, an 
the Product will be be+ce, which ſubtract 
from the latter part of the Dividend before 
brought down, the Remainder is 00. 


And the Quotient of - X- 


et 
the Example above. 
Concerning this matter 
Compendium before. 


a . | V4 
L is 4 4-6, as In 


have recourſe to the 


CHAP. 


III. 


Of Z£Q2VATIONS. 


N Equations when one or more ſpecial 
Quantities are equal to one or more 0- 
lier ſpecial Quantities; and written with the 
lgn ot Equality between them, as a4=ab: 

This is called a S1mple Square e/Equation. 

And 5b being a known Square, the Square 
Ros: thereof being extraCted 1s equal to a, and 
tat is the thing required. 

But a a-4-ba=cc, and 4a —ba—d4dd, and 
kitly — aa+ba—ff, are (all of them ) of 
| that kind which are called AMMixed e/£quations ; 

tecauſe 4 (the thing required ) is multiplied 
not only into It ſelf bur icto another known 
Quantity, namely into b. rEy 

And Note, That this known Quantity in all 
Wred Armuations is called the Co-efficient. 
| Note alſo, Thar the three ſorts of Mixed X- 

Wuons above expreſſed, are all that can ha 
pn in Qnadraticks ; and by ſome one of theſe, 
; Ul Problems whatſoever , tranſcending plain 

Diviſion, (and nor reaching Solids,) are to be 


telolved by finding the Root 4, according to 


lieſe old. Rules. 
[n the firſt, aa +ba=cc. 
Unto the Quantity given, namely cc, add 
tie Square of half the Co-efſicient , it makes 


| ER 
4+ 


' 


Which if it be in Lines, may be reduced in- 
to one Square ; and from the Side of that Square 
take halt the Co-efficient, and the Remainder 
ſhall be 4, which was the thing defired: 

In the Second 44 —b a=dd. 


Unto dd add -f (as in the former,) and the 


Summ thereof ( being always in Numbers a 
Square, Or in Lines to be reduced to a Square, 
as aforeſaid,) Unto the Root or Sid., of that 
Square, add half the Co-efficient, the Summ there. 
of (ball be a, or the Root of the Xquation ſoughr 


for---.-- | | | 
| In the Third —a#-þba=ff.: . 
From the Square of half the Co-efficient , 


OS "TP. | 
which is gel take the Quantity given, that is, 
ff; there will remain _ ff; which being 


ut into one Square, and the Side of that 
nown, if that Side be either added to half the 
Co-cfhcient, or ſubtrafted therefrom, either 
the Summ of that Addition, or the Remain of 
the SubtraCtion is equal to a. 
For all Quadratick Xquations of this kind, 
( where 44, the greateſt unknown Power is 
wanting, ) have two Roots, which being both 
together ever equal to the Co-eficient. _ 
Y y Now, 


Cursus MaTHEMATICUS. 


Now if upon the Co-efficient (as a Diametre) 
a Semicircle be deſcribed, and the Side of ff 
(the Quantity given) be applied therein, per- 
pendicular to the Diametre b, the two Seg- 
ments of 6, are the two Roots ſought. 


 _ For in the Mquetion — aa +ba=ff, it is 
(by the 14th of the ſixth of Euclid, or by Prob. 
37, Lib. 2. Part 1. hereof. ) as followeth : 
bod #". f' of: 
Wherefore either Segment may be 4, and 
the other will be 6 — a, and f will be a mean 
between them. | 
' Likewiſe, In the two former Xquations, the 
Work may be effeted Geometrically, and pro- 
ved alſo by this Scheme : | 


In which, as the Figure intimates, the Per- 
pendicular repreſents the Side of c c in the Firft 
Xquation, and the Side of 4 4 in the Second. 


_ the 47th of the firſt of Euclid, or by Theor. 12. 


Draw a Line bg, from the Centre 6, to the 
top of the Perpendicular, the Centre b beirg 
firſt taken in the middle of the Line 6b, to Wit, 
of the Co-efficient, for ſo it is uſually called. 

And firſt, let the pricked Line be put for , 
therefore (by the before-recited Propoſition,) 


IT Is, 
a + b! ! Pl a'!l 

And if (as the Rule preſcribeth) to the 
Square of half b6, you add the Square of c, the 
total ſhall be the Square of the Line bg; þ, 
Lib. 2, Part 1. hereof. 

If therefore from the Line bg, or (which is 
all one) bf, you take the Line br, which: is 
half the Co-efficient 6b, (for the whole Co-effici- 
ent 6, is the ſame with 57,) the reſt, namely, 
the pricked Line rf, ſhall be equal to a; for, 

TT =BS=4 

In like ſort concerning the ſecond Xquation, 

aa—ba=dad; it (according to the Rule ) 


you add the Squares dd and I together, it 


gives the Square of the Line bg, to the Root 
of which, v1z. bg, if you add half the Co-effi. 
cient, viz. br, or bs, the Summ ſhall be fs, 
or »r, either of them equal to 4: and then, as 
nr, that is a, is tod, ſoisdtorf, ora —b, 
as it ought to be. 

Having thus far proceeded in ZXquations, 
I think it; neceſlary to admoriiſh the Reader, 
that in putting 4 (always) for the thing ſought, 
and working therewith as if it were known, 
-_ through. as the QuEſtion requires, he 

all at laſt come to an AXquation, but it may 
be ſuch as wants reducing : of which as fol- 
loweth. | 


CHAP. 


IV. 


Of REDUCTION of EQUATIONS. 


Quations are reduced, by adding all 
that 1s neceſlary, or ſubtraCting all 
that's unneceflary, on both ſides the ſign of E- 
uality =: Or by ſubtraCting ContradiCtorzes, 
G they happen on one and the ſame Side,) un- 
till the Aquation (purged. of all anneceſlary 
Members) remain with all that's abſolutely 
known on one Side, equal to (as little as may 
be) all that's unknown on the other Side. 
One Example of this ſhall ſerve, which is 
this, as foHoweth. | 
- In the Zquation, 
aa—ba+Fdcftba=gg+ba—ac. 
To reduce this, you muſt remember, that 
the taking away a Want of any thing, is all 
one with the Addition of that thing. 


Therefore ſeeing there is on the firſt ſide a 
want of ba, expreſſed by — b a, it you take 
away that — b 4, you thereby add b « on that 
Side. 

Wherefore ( that it may ſtill be an _ 
tion) you muſt add b 2 on the other {ide al 

. Then it will be, 
aaÞ+dcHba=gg+2bamdc. 
Again, ſubtraft ; 4 on each ſide: 
Then it 1s, 
aaqtde=gg+ba=— dc. 

Once more, ſubtract b 4 on each ſide, that 
you may bring it to that ſide where 4 4 ſtands : 

| Then it is, 
aa—baFdec=gg —dc. 


Laſtly, 
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Laſtly , ( that the Conſonants, or known 
thinzs may come all on one Side) ſubtract de 
1 tide: 
_ Then it will be, 
aa—ba=gog —24dc. 
Take the ReQtangle 2 dc out of the Square 
' gg, and let the reſt be a Square ff: 
$6) Then it is reduced, 
aa —ba—ff. 
1 have gone herea little about, only for the 
' exerciſe of them that are wholly unacquainted 
hereinz but now they ſhall ſee that this Re- 
duttion might have been quickly done another 
may: That is, ſeeing in the Aqnation 
ia —baÞdcÞ+ba=ggFba—dc. 
there are-in the firſt part ContradiCtories, v#z. 
—ba and +ba, they (deſtroying one ano- 
ther) might be taken away both at once : 


And ſo it will be; 
aaFdec=gg-Fbamdc. 

Then if you ſubtract 4s and ba on both ſides, 
it will be reduced to, 

: a4—ba=gg—2dc 
as it was before: And gg — 24c, being put 
into on Square ff, the Xquation 
44 —ba=ff 
way be reſolved as the _— aa-ba=dd 
was, by the ſecond Rule for Plain Xquarions, 
a little before expreſſed. 

And, as here, the ReduQtion was made by 
Addition and SubtraCtion only, ſo ſometimes it 
is made by Multiplication, ſometimes by Diviz 
fion 3 1n both or either of which this a general 

RUVLE: . 
That, What ſoever is done to any one Member, 
muſt be done to every Member quite through 
the e/Equation. | | 


*Y ” 
——_— a Re Hemant a FI * 4 


D — 


CHAP. V. 


(f the Refolution of Equations, according to the general Me- 
thod of Mr. Thomas Harriot. 


[4 Lthough (having before given Rules for 

all ſorts of mixed Squares) it may ſeem 
pepoſterouſly done hereafter to ſpeak of Simple 
Squares ; yet becauſe the general Method of 
Mr. Harrior begins with Squares, I will do fo, 
but only with one Example. | 


SI. Of Square Aﬀquations. 


Let there be an Zquation of a«—ff: Or, 

Lt it be exhibited in Numbers, 44 = 69169. 
firſt, Take notice that all Squares, whether 

ample or Mixed, in Numbers are to be mar- 

kd with Points, the firſt always over the place 

e Unity, (or Unites,) and ſo ſucceſſively over 

erery Binary or ſecond Figure. 

Cubes over every Ternary Figure. 
Biquadraticks over every Quaternary Figure. 
vurſolids over every Quinquenary Figure. 

ſo forwards. A RT 
This Square Number thus pointed is 69169. 
ln which, becauſe there are three Points, 
there are three Figures in the Root. 
that a (being a ſingle Letter) cannot fit- 

j w_——_ that Root, but ſome Trinomial, 

aif b-+c +4 ſhould be pur equal to «, and 

rare thereof ſhould be equal to 44, or 
vlog, 

But becauſe it may as well be done by adding 
Gnomons, that is, repetition of the ſecond 

Working (as they are commonly called) fo of- 
en as the Points are more that two, a Binomi- 
"rag ſerve ( with leſs trouble ) to doe the 


Let that Binomial be b + & 
And put b Fc=8s 
Their Squares ſhall be therefore equal. 
That is, bb + 2bc-þee=a 
That is, bb +2 bc +cc = 69169. 


The Reſolution. 


The Homogeneal Number given, 69169 
Firſt ſingle Root b=2 and : "it 4-000 - 
Which 4.0000 being ſubtracted 
from the Number given 69169, eng 
there remains of the Number given, 
Root Decuplate, b = 20 
Diviſor, 2b 40.00 
The ſecond ſingle Root c=6 
| 2 be 240.00 
oc 2. 6.0 © 


— — 


' 276.00 


29169 


SubtraZft 
Remains of the Number given 
The Root FOE =26 
Root increaſed and 
decuplated, + = 360 
Diviſor is 
The third ſingle Root c=3 
2bc 1560 
cc ©0009 
Total 156g 
Subtract 1569 
Remains of the Number given, 0000 


The Root increaſed 263, is therefore the 
true Root, as may be proved by Re-compoſi- 
Yy 2 xion, 


276.00 
t569 


2b—=520 


 —_— 
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a. b 


gion, or multiplying 263 by 263, for the Pro- 


- duct will be 69169,-which was the. Number 


iven. ; 
4 The Cyphers which are put after in the D1- 


viſors and Subtrads, are only to-.fill up the 
number. of Places, by which the Number given 
or rather, the remaining Points would elſe 
exceed. | 
For the like purpoſe is uſed the Decuplation 
of the Roots, as/only to ſupply a place unrill 
another Figure ſucceed in place of the Cypher. 
- Amid in nothing elfe doth this work difier 
fram- the ordinary ExtreCtion of the Square 
Root as it is in Lib! L-Part 1. Chap. 18. hereof. 
The: reaſon of it<dependeth upon the fourth 
Theorem of the ſecond Book of Euclid, where 
it is demonſtrated; Fhat, 


If « Riebr Line be divided by chance unto two Parts, 


the Square. made of the Whole Line, 3s equal to 
the Squares of the Parts, and to the Reftangle 
—madt of the Parts twice. AS If Lib. 2. Part 1. 
Theor. 4. Page 246. hereof. 
So it his here as followeth : 
he Square of the ptr 6 ” "9 
Pd Nao oy" h$4=67600 


The Square of the wks Soboos! 


Part, that is, of 3, 
The ReCtangle of the Parts, S 

that is, 260 into 3- twice, 52 W0- th 
Equal to the whote Square, 69169 


Nor &0 thoſe Letters repreſent ſo naturally 
the things themſelves in a Divided Superficies 
only, but as properly and clearly the parts of 
Solid Bodies ; of.which two or three Examples 
follow. | | 

n which F admoniſh the Reader fo be intent 
to_the feveral Pointings of the Quantities ac-' 
cording to their dne order, as'is before expreſ- 
ſed ;' and alfo ro the placings of the Diviſors 
and Subtracts by"Typhers, as before alſo is in-- 
timated. | 


$ II. Of Cabical Aquations. 


Let there be a Cube aaa=fff 
Or propoſed in Numbers #44 = 41781923. 
Put as before, b +c = 4. 
Then their Cubes alſo ſhall be equal. That is, 
bbb+3bbe+Þ3bec+coe=41781923. 


The Reſolutton. 


The Homogeneal Numb. given, 41781923 
| The firſt ſingle Cubick Root "Ul 3 
And bbb=27.000000 

Subtraft 25.000000 


oo ol = Number given, 1478 E924 3 
decuplated, & p= po! 
3 bb 2700.000 
36 0050.000 


2790.009 


-Diviſor 


Second lingle Root c =4 
3 bbc 10800.000 


3bcc 01440.0900 
CCC ©0064.000 


1230.4.090 
From the laſt Remain, iz. 14781923 
12304000 


Subtract 


Remains of the Number given 02477923 
The Root increaſed b= 34, 
The Root _— Els 

——_ 340 


fed decuplate 
3bb 346800 y 
3b oo1o20 | 
Diviſor, 347820 
The third-fingle Root c = 7 
3bbe 2427600 
3becc 0049980 
CCC OOOOZ43 
2477923 
Subtract 2477923 


Remains laſtly of the Numb. given 0000000 
The Root increaſed b +c — 347. 


Which is the Root of the! Cube 41981923; 


which may be proved by re-compolition, that is, 


by Multiplying 347 by 347, and the Product 2- 
gain by 347 ; the laſt Product ſhall be equal to 
the Cube which was given to be reſolved. | 

And, as abpye,/ in the Square the Canon of 
the Reſolution was the Letters bb + 2 be+ce, 
being the true Square of b+c ;- and thoſe Let- 
ters did anfwer exactly to the Parts of the 
Square divided alike in both dimenſions; fo 
here alſo the Canon of Reſolution, or the Let- 
ters bbb+3bbc+3bce-þcee, do exattly 
anſwer to the Parts or Members of a Cube, di- 
vided into two Parts, alike in alt the three 
dimenſions, as any one may proye upon a Cube 
made of ſome {lender matter, and cut through 
all three ways; for he ſhall 'find the whole 
Cube (ſuppoſed equal to 41781923 as before,) 
jaſtly madewup of the two Cubes of the two 
Segments, that is, bbb and cec, and three Pa- 
rallelipipedons, whoſe Length and Breadth' are 
equal to 6, and their Thickneſs to c ; thoſe three 
are the 3bbc; and laſtly, three other Parale!;- 
pripedons, whoſe Length and Breadth are equal to 
c, and their Thickneſs to b; ſuch are the 3 bcc. 

See more concerning this matter before, in 
Book 1. Part 1. Chap. 18. Page 60: And alſo in 
this following Schemartiſin. 


The Cube of the greater vals 7X 304000 


ment, which is 340, bbb, 


The three great Parallelipipe-2 _ 
ny: 3bbc, 3 #437 090 
he three lefſer Parallelipipe- 
dons 3bcc, : + +49980 
The Cube of the leſſer alt 343 
ment, which is 7, ccc, WEETST TS 
The whole Cube given, 41781923 


FP tan She 


of ALGEBRA. 


34! 


Note, That the Greater Segment 4s the Argre- 
oate of all the Single Roots except the laſt, 
being duly valued by a Cypher, as here it 1s, 
340: Put the l:fſer Segment ss the laſt ſmgle 
Root only, 4s here 7. 

This is done here to ler the Reader ſee, that 
he may be ſure, let the Quantity to be reſol- 
ved be Great or Little whatſoever, if he be 
carcfull to make his Canon right, the Letters 
themſelves will direct him how to frame his 
Diviſors and Subrrafts in order to the final 
Refotarton, eſpecially in theſe nn-mixed Quan- 
tities; where the Points limir how far the Sub- 
txat thall- advance at every operation ; begin- 
ning firſt at the Point next the! lefr hand, not 
farther; and to the Second Point pnly at the 


Second Work ; -and not otherwiſt in all that 


follow. ; 
And in Mixed Equations, if they he.made up 


trated as often as th 
Icft above. 


The Reſolution. 


ere ſhall be Points 


. . 
x - þ 5 


The Homogeneal Numb. given, 2 9 282970 


The firſt _— Root b— 2 


b $8.c00000 


+ 4bb 128.0000 


— 928.0000 


—ffb .. 150.00 


+ 92650.00 


"RE # 
x 


Subtract 926 $0.00 


C——_———mn enter 


Remains of the Number given , 20017970 


The firſt Root decuplate 6—20 "v5 


of Cabe, with addition of certain Squares, or ' 


cettain Roots, or both Squares and Roots ; or 


by ſubtraction of the ſame ; the Canon of the 
Reſolutton muſt ever be made by multiplying * 


the aſſumed Root b-+c in the place of the * 


Qeſititiovs Root '2, quite through the Aqua- 
tion in all the Degrees thereof ; for ſo ſhall 
niſe all the ſeveral parcets of which thgſeve- 
ral SubtraCts are orderly to be made. 

Ia a Cubick Aquation, if all the, Quantities 
he preſent, there is no need to pon any but 
the Cubicks and Roots ; yet I have licre diſtin- 
miſked the Places of-the Squares alſd, with lit- 
tk Aſtricks ; which labour ( when, the Work- 
man is intent about his buſtacſs) may well e- 
c00gh be ſpared. 


SIM. Of the Reſalution of Mixed Cubicks. 


Letthe Equation aa a+daa—ffa=ggsg 
te propoſed 1n Numbers as let it be | 
ana 2A4—75 a = 29282990: 
Therefore d= 32, and ff=75, 
and gg g = 29282970. 
Put b +c=4. 
And make the Canon of Reſolution by ſub- 
ſtating b + c in the place of 4, quite through 
ue ſeveral Quantities 24a + daa—ffa. 


The Canon rightly made will be: 
+bbb 
+3bbc+dbb —ffb 
+t3bccÞ2dbe—ffe 
FP. cceopdtc | | 

| Theſe ſeveral parcels of the Canon being 
nightly ſubtratted from the homogeneal Number 
29282979, the Number ſhall be thereby reſol- 
Rd, and the Root « found. 


7 Nite Firſt, That all the Parcels in the Ca- 
non which have not the Secondary Root 
in them, as +bbb+dbb, and —f fb, 
are to Þe ſubtracted at the firſt operations 
the other remaining Parcels to be all ſub- 


a 


36b 1200.000 
3b ** 60.000 
2d4b * 1280.00 

4... $$ 


1 3912.00 


ff... 750 


Diviſor 1390459 


Þ- + au 


The ſecond ſingle Root c=9. 


3 bbc 10800.009 

3bcc . 4860,000 
CCE + « 729.000 

2dbc .11520,00 
dec .. 2592.00 


178002.00 
—f fe ....675.0 


17793450 
Subtract 


17793450 


Remains of the Number given 022245 2D 
The Root increaſed 6 = 29 7-4 


The Root increaſed decu 
36b .252300 


IS . .. . B26 
2db . 18560 


— 


FT » £6 


Diviſor 4371805 
The third ſingle Root-c==98. 


3bbc .2018400 
3bcc ... $5680 
cet ai 512 
24bc .. 148480 
dee ix 20485 


— 


| 2225120 
—ffe .... 600 
2224520 
_ Laſtly Subtra&t 


- 


plate b=290 


2224520 


Remains of the Number given 


0000000 


Whereby it appears that the whole Root 
298 is the true Root whereby this Xquation is 
explicable, as may be proved alfo by Re-com- 


polition. 


bbb 


— 
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bbb 24389300 

3bbc .2018400 

3bcc \ .55680 

cre: + =O \o +» +» + 512 

dbb .2691200 

4 255528: 

acc ...2048 


| In all 293 0532 O 
From which ſubtr. ffb+ffc=. . :22350 
. Remains 29282970 


Which was the whole Homogeneal Number 


given. t 
NOTE: 

Whereas in compoſing the Diviſor all the 

radual Quantities are uſed ; as in the former 

ample, 3b and d, as well as 36bb and 246: 
It is td be noted that in praftice, thoſe ſmaller 
Particles 36, &c. may be omitted, the other 
without them miniſtring light enough for chu- 
ſing the ſecondary Roots. : 

And having now inſtanced ini an Example 
where all the Powers were preſent; in theſe 
one or two that follow, ( to make the Work 
fhorter,) I ſhall leave our one or other of them. 

In the Xquation 4aa+ffa=geg 
Propounded in Nmmbers: - 
aaa + 320406 a=8348132. 

It ſometimes happens that the Co-efficient a- 
bounds with more Binary Figures than the Ho- 
mogeneal doth with Ternaries : In ſuch a caſe, 
that there may be room made to begin the Ex- 
traftion, the Co-efficient muſt be devolved to 
the next Point farther to the right Hand, or to 
the Second, Third, Fourth, or Fifth, or far- 
- ther if need require, and there the Work is to 
begin. The Co-efficisnt is always the known 
Quantity, which multiplies any of the unknown 
inferiour Quantities. 


SIV. Example of Devolution. 


a aa 320406 4= 8348132. 
Put b +c=4 
The Canon will be, 
bbb --3bbc 
+ 3HheeeeC=brgtng 
Tifs +ffc 
Reſolution. 


The Homogeneal Number given 834 $12 3 
The Firſt ſingle Root b=— 2. 
bbb 0008.009 
ffb 640812.0 
—-6416.12.0 
6416120 


Subtract 


Remains of the Number given 


The firſt Root decuplate b = 20 
3bb 00001200 


4 ff 0032090406 
Divifor 321606 


1932012 


The ſecond ſingle Root c=6 
S939 


19224360 
I v3201LI 2 
From the laſt Remainder 

Subtract 1932012 


Remains of the Number given ooooog0 
Wherefore the whole Root is equal co the 
Root increaſed, 26, as may be proved in man- 
ner as aforeſaid. 
It ſometimes alſo happens in the Zquation, 
aaa—ffa=ggg, Put into Numbers, 
as 444—IOFO0004= 203125. 

That thg.Co-efficient abounds with more Bi- 
nary Figures than the Homogeneal with Ter- 
naries: wherefore that there may be place for 
the Reſolution, put before the Homogeneal to. 
ward the Left Hand, ſo many Cyphers as will 
afford that to receive as wany Cubical Points, 
as the Co-efficient doth Quadratical; and at the 
firſt empty Point, as it were by anticipation, 
begin the Reſolution : In which there is this of 
Compendium, That the firſt Square Root extrac. 
ted out of the Co-efficient, is either equal to 
the firſt ſingle Root of the Homogeneal fought, 
or leſs than it by Unity. 

But if the Aquation had but two Dimenſions, 
as 44 —2544=65024, then the firſt Figure 
of the Co-efficient, namely 2, is the firſt Root. 


I932012 


SV. Example of Anticipation. 


The —_— eneal Numb. given +023125 
C=4 Ht + 
The Canon is, | 
bbb+3bbe+3bccþeee —ffb—ffe. 
The Reſolution. 
The firſt ſingle Root b = 3 
+bbb 27000000 
—ffb 3150.0000 
— 4500000 


Subtract 45900.00 
Remains of the Number given +4703125 
The firſt Root decuplate b=30 m7. 


+3bb 2700.000 
—ff 1050000 
Diviſor 1650000 


3bbc 5$400.000 
3bec .360.000 
CrE + £4 DOD 
5$768.000 
—ffc 210000.0 
+ 3668000 


Subtraſt + 3668000 


Rmains of the Number given + IO3512 5 
The 
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The Root increaſed b—32 
Root increaſed duplicate 6—=320 
3b6b 307200 
—ff 105000 
Diviſor 202200 
The third ſingle Root c=$5 
zbbc 1536000 
3bcc. . . 24000 
PP I HU ELRE 
1560125 
—ffc .525000 
1035125 
From the laſt Remainder -þ 1035125 
SubtraCt 1035125 
Remains of the Number given 0000000 


Which ſhews that the Root increaſed b4c=325 
is the true Root of the Xquation : And ir 
may be proved by Re-compolition, as before. 


Ia the uation — aaa +ffamg ' 
which is — by two Roots, as Ne 


ſhewed in the next Chapter Y 5, to find them 
both 


Put the Xquation into Numbers. 
As — 44a 52416 4=1244160, 
Put b-|-c=4. 


- —bbb-+-ffb 
Therefore ; _—_— A ffs f = 1244160. 


———CCCc 


CVI. Extrattion of the Greater Root. 


The Homogeneal Number given 1244160 
The firſt ſingle Root, b=2 le 
ffb 104832.00 
—bbb 8.000000 
+ 2 4 8 3 2.0 O 
SubtraCt + 2 43 32.00 


Remains of the Number given — 12 39040 
The firſt Root decaplate b=20 NY 


ff. $24 16.0 
—3bb 1200.000 


Divifor —67 5840 
The ſecond fingle Root c= 1 


| ffc .52416.0 
— 3bbc 1200.000 


— 3bce . .60.000 
— CCC - . . 1.000 
— ,736840 


Subtract — .7 36840 


Remains of the Number given — 50220 © 
The Root increaſed "© ; 
and decupled + - mba 
ff $2416 
—3bb 132300 


The third ſingle Root c=6 
+ffs 314496 
— 3bbc 793$S00 
— 2bcc .22680 
—_— 40> 


—$O02200 


From the laſt Remainder —502200 
Subtract | — 502200 
Remains of the Number given 000000 


Root increaſed b +c = 216, which is the 
true Root ſought. 


$ VII. Eduttion of the Leſſer Root by De- 


volution. 


The Homogeneal Number given 1244160 
b—=2 Ee 
ffb 10483 2.0 54 
bb—. . . 8.000 
1040320 
SubtraCct + 1040320 


Remains of the Number given + 203840 
The Root increaſed' "IEC : 
and decupled + mY 
* ff. $a 
—3bb...1200 
| Divifor 51216 
The ſecond ſingle Root c=4 
ffo 209664 
—zbbec . .4z4800 
—3bce : « «. 960 
FCC... bS4. 
+ 203840 
SubtraCt +203840 
Remains of the Number given 000000 
The Root increaſed; b += 24. 


Wherefore 24 is the true Root ſonght, 
which may be proved by Re-compoſition, as 
hath been ſhewed before. 

So this Xquation is explicable by two Roots, 
that is, 216 _ 1 

VIETA, Lib. de Recognitione e/£quationunt, 
Cap. 18. Prop. 2. faith, That in the Equicien 
—aaa--ffa—=ggs, the ' Coefficient ff is 
compoſed of three Proportional Squares, and 
the Homogeneal gg g is made by the Multipli- 
cation of the aggregate of the two firſt, or the 
two laſt, (for all is one, ) into the Side of the 
other, and the Root a, may be the Side cither 
of the firſt or third. And it is evident: For 

Make cc -þ- dd + bb! = ff, 
And put c =a: 
Therefore, 
cect ddebbbemeec=dacHÞbbe.' 
Or put h=a: 
It is bhh + ddb+cch —bbb=ddb +ceh. 
Both which are maniteſt. 


Compen« 


ad 
—— 
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Compendinm |. 

Hence it may be ſhewed, That either of the 
' Queſititious Roots, as «, being -found, and 
| called c, the other Root e may be found by 

a Quadratick Equation only. . 


For ſuppoſe cc-þce=ff—ec: Then it is. 


ee-|-ce-bee—ff: 
And cc! ce! ec. Eucl. L.6. 23. 
But by Conſtruction, cc 44” hb", and 
cc+ddhb=—=ff: So then, bb —ec, and 


=2 Co 


But it was ſhewed before, that þ might be a 


Root of this Xquation — 44 a-j-ffa=ggs 
and therefore e alſo is a Root of the ſame; and 


this Compendium is proved. 
Example in Numbers. 


In the laſt Aquation 4a —=cc= 46656. 


Therefore ee-Hce=ff—cc. 
Which was to be, &c. 
In the Aquation aaa + AA—DLS 
The Co-efficient f is compoſed of three pro- 
portional Lines, and gg g 1s equal to a Solid 
made by a Square (whoſe Side is equal to the 
two firſt, or the two laſt) multiplied into the 


remaining Line: And the Aggregate of the firſt . 


and ſecond may be a, and the Aggregate of the 
ſecond and third ſhall be e. 
Bur 1/ 2lt FLLLA 
And ſuppoſe —aaa+7a4= 36. 
Then 4 may be 3, andeis 6. Vieta, de Re- 
cog. Cap. 18. Prop. 6. 


Compendium II. 
And therefore the Root 4 found, the Root e 


WE Li may be found by a Plain _—_— : For ſup- 
; f=524 pole the middle Proportional y, 
From which take ccC=46656_ It is fo—ogened y! ell 
| 05760 And fe—cy—ce=yy, or yy-bcy=fc=cc. 
Remains ff —cc=05760 ang making fc — Pr OY It is yy-cy=xx. 
But ee=576 And the Root y heing found, by the firſt 
And ce=518%,4 Rule of Chap. 3. it is laſtly, (making c y” 71 
.3760 Sus: 
The Summ is cc-j-ce=25750 Here followeth Four Rules and Examples 
| 00000 grounded upon Mr. Harrior's 6 Settions, 
» 
CT 37. Th 


Of the Fabrick of. Fquations, their Roots, Increment, and 
Decrement, Multiplication and Diviſion of them, and their 


Number. 


RULE 1, F'7 eAEquation veing compoſed of 
| | ſome known, and ſome unknown 
Quantities, hath its original by Roots compoſed of 
a Quantity known, and of one other Quantity un- 
known; and thoſe Roots multiplied together, pro- 
duce certain particular Menbers, with + and — 
reſpcttively fiened ( for in every eAquation both 
theſe Signs are preſent, which orderly placed make 
up the Equation. | 
As the Xquation a4 —ba—ca|bc=o. 
And becauſe it was at firſt 4 — b—o, therefore 
a=b, and the like of c. And from hence it fol- 
lows, that where the firſt Term ( or higheſt 
Power) in a Quadratick Xquation is ligned —, 
there the Xquation hath two Roots, as here by 
ſubtraCting on both parts +a a—b a—c a, the 
Aquation will be bc =—aa+ba+ca, and 
muſt have two Roots. 

1, Theſe Compound Quantities ſo multiply- 
ing | ſhall call Binomials, whether a-|-b, or 
a—b, not having any need ( in this Place) to 
diſtinguiſh between Binomial: and Reſidials, 

2. The &quation aa —ba-þca=bc., if it 
be 6<Tc, put e—%=4,; then the Xquation will 


be -|- aa+da=bc, and is of the firſt kind 
mentioned in Chap. 3. Burt if it be 6 >c, put 
b-c=f, and the Xquation will be 44—fa=bc; 
and 1s like the ſecond ſort in the ſame Chapter. 
The Original of the Xquation 
aa—ba--ca—bc=o, 
here propoſed, is |- a — b =0o, multiplied by 
+ a+ c =o, that is 4 =b, by a = — 6c. This 
uation hath but one true Root, which is 6, 
and one falſe, which is c. 

3. By this which hath been aid, it is plain, 
That ſome Aquations have as many Roots as 
Dimenſions ; ſome not ſo many, but none can 
have more ; for the Number of Dimenſions be- 
ing the ſame with the number of the Multipli- 
ers (if all diverſe) can be but all Roots: Nor 
can the Xquation be divided by any other thing 
than one of theſe Binomials by whoſe Multipli- 
cation it was made. | 

But if the Multipliers (how many ſoever) be 
ſtill the ſame, there can be but one Root. For 
let + a — b —=0 be multiplied Biquadratically, 

The ProduCt is 
h-4aaa—4baaa-6bbaa—gbbba-jbbbs. 
| Whers 


dh as ani RO OE... 
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Where it is plain, there can be no other 
Root but 6; I mean, none greater or leſs than 
it; becauſe 1n truth here are 4 Roots, but eve- 
ry one ſingularly equal to 6. PF Ke 

For if there may, let it be 4, and let 4 be 
greater Or leſs than 6b, it imports not which : 
And ſeeing d—-4, ſubtraCt 4 in the place of a, 
quite through the Aquation, it will be 
14d — 4 badd -\- 6 bbdd — 4 bbbd — bbbb — 0. 
Which if 4>6, or elſe 4<6, is at firſt fight 
impoſſible : For the difference between the + 
2nd — is always equal to the Power of the dit- 
ference between b and 4, which Power is here 
a Biquadrate, therefore 4=b. And again, ſee- 
ing this Aquation may be derived by putting 
bequal to d, for ſubtraCting b in bhe place of 
d, quite through, it will be | | 

+26bbb-\-6bbbb—4bbbb+gbbbb. 
Which is manifeſt ; therefore again b=d, which 
is contrary to the ſuppglition ; therefore b is 
the only Root of this Aquation : For indeed, 
the X&quation propoſed being made only of 
Multiplications of 4a—b=0, cannot be divided, 
that is reſolved, by any other Binomial than 
s—b, of which it was made. 

+ Hente it is, that the laſt Term in every 
Equation may be called the Homogemal, be- 
caſe it is naturally made by Multiplication of 
the Roots of the Xquation, though the Co-effi- 
cients in ſome ordinary Aquations are diſgui- 
ſed with other CharaCters, which happens by 
Addition or SubtraCtion of them, to reduce the 
Canonical Aquation to fewer Members ; where- 
by the redundancy of the Signs + and — is to 
be taken away; this is to be ſeen above in this 
RULE, where the Xqu. |-aa—ba|-ca—be=0o, 
reduced to -|- 4 a-|-da— be=—0o, by making 
&=—b; and -þ-a a-|-b aþc a—bc=0, reduced 
lo+aa—fa—bc-0, by making b —c=f: 
Where the Co-efficient d or f, is not a Part of 
the Homogeneal bc, but a differerce by which 
bis greater or leſs than c; by help of which 
lifference, the Aquation which conliſted cano- 
_ lially of Four Members, hath now but Three. 

5- And this Reduction is uſefull; for as Des 
Cates faith, and may bs ſeen true by the' way 
of Multiplication above ſhewed ; Every e/£qua- 
tation bath ſo many true Roots, as the Signs + 
ad — therein are changed: Which in the Ca- 
bonical Equation + 4 4 —ba+ca—bc=o 
ae changed three times z; whereas the Xquati- 
0 hath not three true Roots, but one true, and 
ane falſe, that is b and c, and the common X- 
Jution reduced changeth the Signs but once; 
lat is, from -|-4 4 to — bc in the former, 
x from -|-22 ro — f4 in the latter: And 
from thence ic may be known that the Xqua- 
Won hath but one ere Root. The like conſi- 
&r2tion ought to be had in others. 

a whereas the ſaid Des Cartes doth often 
mention falſe Roots, it is to be noted that ſuch 
at leſs than Nothing, as + a +64=0: Or 


--4=— b, and if any true Root, as +a—c—0, 
be multiplied by this + a +6 = o, there will 
ariſe an Aquation + 4a4-|-ba—ca—bce=o0, 
where the Sign -|- follows twice, the Sign — 
twice, and they are once changed, which hould 
intimate (according to Des Cartes, ) two falſe 
Roots and one 7rxe ; for he ſaith, Ss many times 
as -|- 0r —» come twice together, ſo m alſe 
Roots there are: This Keunien 7 air _ 
be reduced, by making b=-c=—=4, if b Se, 
or elſe, if bc, then make c —b=—f, ſo it 
will be either Haa+da—bc=o, or 
+aa—fa—bc=o, which confirms that which 
Des Cartes ſaith of twice + or —, namely, 
Thar there are as many falſe Roots in. the A- 
uation, as + or — come twice together, and 
fo many :r«e Roots as + and — are chargad. 

And where the Roots are all falſe the Xqua- 
tion is impoſſible, as 4+b— © multiplied by 
a-c=0, produceth aa +ba+ca+bec=0 
which cannot be. And therefore when there is 
an Aquation pretended like aa-Fbahia=—bc, 
preſent judgment may be made. 

6. The ſame Des Cartes faith alſo, That all 
the falſe Roots in any «Equation may be turned to 
true ones, and the true ones to falſe, by changing 
the Signs of the Second, Fourth, and every even 
Term. And this is evident; for of the Xqua- 
tion af —24' Flioaa—304—8 —=0, 

by ſach changing is made 
a*+ 2 4 + ro Sana, 
where the firſt had three zrue Roots, and but 
one falſe; the latter hath three fa/fe, and but 
one erue. This Aquation was taken at all ad- 
ventures, to ſerve for an Example only ; where- 
as any other will doe the like. 


RULE IL. | 2364 unknown Root of an e/Equa- 
tron may be increaſed or de- 
creaſed, by ſuppoſing another unknown Quantity 
+ or —, the Decrement or Increment, and of 
that Binomial compoſing the e/Aquation, as it was 
before of the fir ſt unknown Quamity : And if this 
Increment be put equal to ſuch a part of the Co-eff- 
cient of the ſecond Term, as Unity is of the Di» 
menſions of the firſt Term, (if the Sign of the fir ft 
and ſecond Terms be both + or, both —,) or if 
the Decrememe be made equal to ſuch a part of the - 
ſaid Coefficient as Unity is of the Dimenſions, as 
aforeſaid, (if the Stgns of the firſt and ſecond 
Terms be one o+ the other —, ) then by ſuch In- 
creaſe or Decreaſe of the Root, the ſecond Term of 
the e/£quation ſhall be taken away and annulled. 
EX £4 MEFS £. | 
In the Aquation + aaa+baa—bbe=o, 
The Root a may be increaſed by making e—q=a, 
and ſubſtituting e—4q in the place of 4, quite 
through the ZXquation, ard thereby ſhall ariſe a 
new Xquation. | 
Teee—3qee+ Wreline Shes 


bee—2bqe+b +baa 
T : pug: +- —-bbe 


Z 7. Which 


ih 
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= CS 


Which is equal to the former, as you ſee a- 


grceing in the particulars; and the Root being 
found, « may be had by caſting away q from e. 
And becauſe the Number of the Dimenſions 
of the firſt Term 44a is 3, if, according to 
the latter part of the Rule, the Quantity q be 
roportioned, by making 3' 1” b' g'', then 
—=34q, and + bee will deſtroy —3qee; and 
ſo the ſecond Term eg will be quite taken out 
of the Xquation, as is manifeſt ; for the &qua- 
tion ſo purged ee e=399e+299q—bbe=0, 
and by ſubtracting on each part -2944— bbc, 


having firſt made bbc — 2999 = aaa, it will be. 


e—ddd. The manner of 


then -eee—3 | 
T : Solids ſhall follow in the 


ſuch Reduction 0 


next Chapter. | 
In like ſort, the Root 4 might have been de- 


creaſed by any Quantity, as x, which if it be 
proportioned to 6 as aforeſaid, would take a- 
way the ſecond Term of an Aquation, where 
the Signs of the firſt.and ſecond Terms are not 
like, as in the Xquation aaa —baa—bbe=o, 
by putting 3 x=b, and ex=4: The Problem 
will be fully performed by making e+ x, the 
Root of the new Aquation, as before was e—9g, 
obſerving the ſame order in compoling the par- 
ticulars, due reſpect being had to the Signs 4+ 
and —, where they ought to be altered: The 
former reduced Xquation +e* —3q4qe—=ddd 
might be farther reduced (if need require) to 
+eee+bge=dadad. 

Note, This Angmentation and Diminution 
of the Roots in ſuch mannergs to take away the 
ſecond Term of any Xquation, is of excellent 
uſe in ſuch Xquations as have three or four Di- 
menſions, and cannot by any Diviſion with any 
Binomial made of a + or — ſome other known 
Quantity, as 6, c, or the like, be reduced to 
fewer Dimenſions; whereby it is certain, that 
ſuch an Xquation is Solid, and cannot by any 
artifice already (or likely to be) invented, be 
reſolved by Ruler and Compaſles, but by any of 
the Conick SeCtions it may: In this Caſe it is 
either neceſlary, or extremely facilitating, to 
take away the ſecond Terms (if there be any) 
from the Aquation, as ſhall be ſeen hereafter. 


RULE II. FF HE unknown Roos of any &/£- 

quation may be multiplied (or 
divided) by any known Duantity multiplying (or 
dividing) the ſecond Term of the equation by 
the ſaid Quantity ;, the third by the Square, the 
fourth by the Cube thereof ; and ſo forward conti- 
nually in this Order, as often as there are Terms 
in it ; having firſt aſſumed another unknown Ouan- 


tity, ſo multiplex to the ſaid unknown Roor, as js - 


required. 
EALMPLE: 
_ Inche Cubical Xquation a*+baa-bcca—bed—o 
Let ir be required to multiply the Root a by Ke 
Allume e=4 4, and write 


eceqgbeeFibcce+64bcd=0: | 


Which is an Aquation, and the Root e is 
quadruple to a, as may be proved thus : 
Pur S$=& > b—3 * C=2 and d — 21 5, 


a4 a — 64 
Then b44 a IT bcd=— 128. 


c£c4= 16 
In all 128 


Therefore 4' +baab+cica—bed=o 
Again, put e=16, all elſe the ſame ſtill, 


eee = 4096 
Then <? 4 bee = 3072 Cut 64bed= $192; 


I6cce —= 1024 
In all 8192 


Therefore e* + 4bee+ 16 coembabed— oN 
And e=16 =44. Which was to be proved. 


. The Utility of this Rule will appear in redy- 
cing Aquations affefted with Fractions to 
Whole Numbers, by multiplying the Root by 
the Denominator, or Denominators, of the 
Fraction ; far by ſuch means, the Co-efficient 
of the ſecond Term is multiplied by the ſame 
as before, multiplying « by 4 ; multiply alſo þ 
by the ſame number 4. And many times by 
this Rule Equations may be freed from Snrd 
Numbers alfo, eſpecially if ſuch be found in 
the ſecond "Term, as is eaſie to be ſeen by try- 
all; for if there be an Xquation ſo affefted. * 

ASaaaFy/8aabyYa=—4y/2=o0. 
Put e—y/8=—a 
And write +eeeF8ee+gie—128=5%. 
So the Surds are vaniſhed. Sy 
| But if yer it be required to avoid the Frac- 
tion 9 xe, then miake y=3e, and multiplying 
8 by 3, 9; by g, and 128 by 27, there will be 
a = third Ow 
JJ) T 243) TS7y — 3456 =0: 
Which conſiſts of entite doders, Kevieg 
one true Root wilich 1s 9; and the Root of the 
middle Zquation was 3, which' is the third 
thereof; and the Root of the firſt Xquation 
was 3— 4/8. And now hope this Rule, and 
the Uſe of it, is plain enough. . 
Note I. It may be Noted, that if the Surds 
in the ſecond and laſt Terms of the firſt 
_ Xquation, viz. aaa-y/8aa+35 a= 42, 
had been utterly incommenſurable, the 
the Reduction had not been ſo fecible; 
for although 44/2 multiplied by the Cube 
of 4/S, that is, by 84/8, produceth 324/16, 
which is equal to the entire Number 128; 
yet if it had been 24/3, or 245, or any 
ſuch Primes to be multiplied by 84/8, the 
Produtt would have been 16 4/ 24, or 
164/40; though this laſt may (by the 
Note after the ConſeCtary in Chap. 8.) be 
reduced by multiplying it again by 4/40 
unto the entire Number 640: Neverthe- 
leſs this ſecond Multiplication by a Surd, 
renders the Xquation inexplicapie , at 
leaſt by the precedent RULE. 


Note 
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Note Ii. It may be farther Noted, that if in- 
ſtead of e = 4 4, one would put e=f a, 
Lines being not ſo liquid as Numbers, 
the Aquation would then be, 

eee—fbee+ffcce—ffbed=o, 
increaling the Dimenſions of the leſler 
Terms: For remedy whereof, three Lincs 
are to be found in proportion one to ano- 
ther, as are the Magnitudes fb, fc, fff6; 
of which, let the firſt Line be ſuppoſed 
to contain Unity, as often as the Superkh- 
cies fb doth, (tor which purpoſe, Unity 
muſt be a Line ſer, and agreed on before,) 
the names of theſe Lines, when found, 
10ay be called eg, b, k, and the Xquation 
may be written, 
Feee—geeFhce—kbec=o. 
Note 11I. But it is again to be Noted, That 
' where the Lines f, 6, and c, are commen- 
ſurable in Length, the three Lines k, þ, 
and g, may be very eaſily found ; for then 
they may be ſignified by Numbers, and if 
+ f be put for Unity, then e—a, and the 
Work fruſtrate : But when the ſaid Lines 
are incommenſurable in Length, this Re- 
duction fs always hard, if not impoſſible : 
For thoſe incommenſurable Lines Jo moſt 
commonly repreſent ſuch Surd Numbers, 
as cannot by any ReduCtion be compared. 


RULE IV. TY e/Equation aaa 3bba—2ccc, 
or any other like it, by putting 


may, if Cc > b, be brought to 


eeemccc+ddd, orif c=b, tocee=ccc, 

o laſtly, if c<<b, then to eee —=:ccOÞ oy —=Q*® 

Waich laſt may be called an impoſſible equation. 
"I 


Put e' b' Es. And becauſe a is equal to 


"+ b 
the S\mm of the Extremes, which are e + A 


ee+bb 
e 


Therefore, from thence it will be 


1.8 4 4 s 
TO+3bbe +b ee+b* ' 4*2CCcc 
eee 
— Suit 
lng 346e 3bbbbee —3bba 
eee 


Thercfore rejefting the Contradictories, and 
Mulrtiplying all by eec, it is 
+ @+Hb*—2cce: 

Therefore + ef — 2cccee = —bbbbbo; 
And + —2&t & + —b*;, | 
Therefore (for e'—&= /e*—2 © &+f) + 
ef =ccrnprg/t* — bf. £ | 
If now (in the firſt Calc) c be greater than 6b. 
Then put cf — b5 —4& : 

Then it will beeee=cec+y/dddddad. 

That is, eee=cce+ddd: Which is the 
Xquation promiſed 1n the firſt Cafe. 

Secondly, If b be equal toc, then c*— b*=0. 
and it will eaſily follow, ſeeing (as is ſbewed 
above) that 6*— 2c e/+cf=0, therefore the 
Root of it ef—c'=0o: that is eee=cec, the 
ſecond Xquation prefcribed. | 

Liſtly, By the third Caſe, ſeeing c is leſs 
than b, put ceecee = bbbbbb=— ddadadd, 
then it will be eeemcecc+y/ —dddddd:; 
the Zquation preſcribed in the third Caſe, ard 
(becauſe of the inexplicability of Yy—=dddd dd) 
impoſlible, 

COMPENDIUAM. 

Whereas Mr. H:rrior ſaith, Propter /—d* in- 
explicabilitem, &c, The ſaid Quantity /—a® 
is not explicable, becauſe — a* ariſeth by 
multiplying + 4* by — 4?, between which 
two there is no mean; for no one thing can 
produce 4* but 4* only, and —4* is not pro- 

* duced by + 4d* or —&, becauſe. by, both: 
This therefore may ſerve for a Compendinm: 
to fave labour, which might elſe be loſt in 
ſeeking that which is impollible rp be found. 

Note, I uſe b* for bbbbbb, and b* for bbbb, and 
b*c* for bbbecc, and the like (as Des Car- 
tes hath done) only for abridgment, as in 
the Definitions of the Powers is already 
ſhewed: And cec+y/cf—b)f, with that Line 
over, to diſtinguiſh between y/c*—{* as one 
Quantity, and y/c* taken by it felf, and — 6© 
taken apart alſo; for by ſnch miſtakes many 
great Errors enſue. _ 

I will add no more, but theſe Four RULES 
may be multiplied by any one that dath not 
find theſe ſufficient for his purpoſe at his own 
pleaſure. 


CHAPY 
Of REDUCTION of SOLIDS. 


Aving ſpoken in Chap. VI. Rule 2. of ma- 

making, bbc—29qqz=add, and in Rule 4. 

of cf —b*—4dddaa, 1 think it not amiſs (in this 

Phce) to ſhew how ſuch Addition and Subtrac- 
lon of Solids may be performed. 

And it may be Noted, That 444 is, for bre- 

Wy fake, there uſurped for ggc, or ſome other 


Solinomial ReCtangle Paralzlipipedon equal to 
the Binomial ReCtangle Solid bbc —2999q; 
for if this Binomial could (by Plain Geometry) 


| be given in a Cube, as is dad, ſomething elle 


might be done, which is here omitted. _ 
Now therefore, ſeeing 6=39, as there it is, 
the Xquation may be written, 


Zx 2 999c 
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999 —2999q9=dada, 
Or rather, 9q qc —-294q9q=F22gc. 


Make H=f, therefore 2 qqq=29qfe: 


Secondly, Make 999 —29f=gg, which 
was firſt to be done. : 

Secondly, To reduce c*— b* into one entire 
Solid, though not into a Squared Cube, as 4*, as 
is uſurped by Mr. Hr1jor, for brevity In wri- 
ting, or facility in reaſoning (Page 1c0 of his 
Book,) ſuppoſing that be done, which cannot be 
done by ſtieight Lines and Circles hitherto. 

Now therefore ſeeing c*—b* is produced by 
Multiplication of ccc-|bbb into coo —bbb, 


make ©* =f, and = =g, and f-|-£=q, and 
f—g=p: Therefore be f=cec, and beg—=bbb, 
and beq=ccc-þ-bbb. 


Secondly alſo, bep =ccc— bbb, and there- 
fore bbccpq=ceccee—bbbbbb, which was 


ſecondly to be done. 
Example in Numbers. 


Put 6—=2, and e=3. 

Then cccef=729, ard bbbbbb==64, and 
then ccccec=bbbbbb, that is 729—64=655, 
which is produced by multiplying 27-+- 8 by 
_— 8 3 __ of 3s by 19. 0} x f=23 
and g=7 5 then =$5$=9, and f—g-==3z=p. 
And*b © 3'39, 45 bep=19. And laſtly, 
bbcepq=66 5 

Moreover, If you make pg=xx, the Solid is 
farther reduced to bbcexx, which although 
it be not a-Squared Cube, yet.it hath a Square 
Root, namely bc.x, which may be of good uſe 
in many caſes to reſolve Xquations into Ana- 
logiſms, of which kind of Denomination, by 
help of the 1 4th of the 6th of Euclid. 

Note, The three Caſes of the ZXquation 

a —3bb=2e?, mentioned in the begin- 
ning of the Fourth Rule of the laſt Chap- 
ter, are called by Mr. Harrior, the firſt, 
Hyperbolicsl;, the ſecond, Parabolical;, the 

_ third, Eliprical; becauſe of ſome ſimili- 

tude between them and thoſe Seftions: Of 
which three Caſes, the firſt is reſolved by 
a Conick Section, the ſecond by a Circle, 
and the third not at al). 

Multiplication and Diviſion of Solids, is al- 
togethzr as caſie as Addition or Subtr ation ;, for 


if one would divide ccc by bb, make = 3 
and azain, make — ==; then z is the Quo- 
tient required. 

Example in Numbers. 
then a : to find 
then c x=22, and 


' =57=62; as it ſhould be. 


Put b—=2, and c=3, 


. cc 
which, make — =x — 2; 


Azain, 1ic* ſhoald he divided by 6b, it is now 
<<< 2, and multiplying by 6, it is EY PR 
Again, Maltiplying by cc, it is --=bcez; and 


beet is the Quotient required. 

But if it be required to bring the Quotient 
to a Biquadrate, make bz=bd; then ccdd— beez,, 
and make c4—ff ; then the Quotient will be 


Multiplication is nagurally ſo eafie, that 
there needs no more to be ſaid of it than what 
hath been ſaid already in Chap. 2. 

Now of Aquations conſiſting of three Terms 
in continual Proportion, as 4*-|-bbaa—ct: 
Or ſecondly, a*—bbba*=cf : Or laſtly, Let 
it be —a*-|-bbba* =c*; let them firſt be 
propoſed in Numbers, as 44-2 aa=24: If 
by Rule 1. of Chap. 3. it be wrought, it will be 
found to be 4/25 —1I=44, and #4a=4, or 
8$=2, 

Otherwiſe, If the Square of half the Co-effi- 
cient be added on both Parts, then "2 
a*-bbaati=25. 

And their Square Roots alſo are equal, that 
is, aa|1I=5, and 44=4, Or a5, as before, 
and the latter may prove the former. 

"Secondly, In the ſecond let it be 
A —IOA44=459: 
Add 25 to each Part, then it is 
aaaaaa—loaaaſ-25 = 484. 

Now each part of the Aquation is a Square, 
and their Roots alſo are equal; that is, 
aaa—s=—=22; that is, 444=279, and a=3, 

Thirdly, 1n the laſt, if —a*4-7004%=46875 
from the Square of 2;*, that is, from 122500, 
take the Homogeneal 46875, there remains 
75625, whole Square Root is 275. And ei- 
ther 350-]-275, or 359—275, that js, either 
625 or 75 1s equal to aaaa, and a=5, or 
4 q4q75=4: which CharaCter 4/99, ſignifies the 
Biquadratical Root. 

Note, The firſt and laſt of theſe Three X- 
quations, may be done as well in Lines as 
Numbers ( by the faid three RULES of 
Chap. 3.) and ſo any ZXquation of 4, 8, 
16, or 32 Dimenſions ; but Xquations of 
6, 12, or 24 Dimenſions, cannot be ef- 
fefted ſo, becauſe there is ever one or 
more Cubick Roots to be extracted, which 
without two Means cannot be done. 

For if it may, then I ſay, That two Mans 
between any two Lines may thereby be found ; 
for in the ſecond Equation a* —b b b a4 a=, 
by Rule 2. Chap. 3. c*-|-ib* is a Square z make 
cc ? 
g=4, then bd=cc, and bbdd=cccec, and 
bbccda=ccccee; then make 6 A there- 

Cc 


fore a, and febt*= 6%, Now be- 
cauſe —=4f, make b=4 f, then fecchb=; b*. 
Make 
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Make fc = 1, then echhbl{[=;b*: Again, 
make 66-|-þþ =mm, and dd-4-!1==4 4; and 
then it will be cemmnn=bbceedd-|-ccbbhll; 
that is, c*-1- £ b* : To the Square Root hereof, 


bb 
cmn, add :bbb; thus make + — =p3 then 
mp=300z and bmp=;bbb. Make 9; 


then mnqg —4366b. Laſtly, Make c-|-q= x, 
then it is cnm-|-ibbb=mnx —=aaa, by 
Rule 2. of Chap. 3- Now if mr, n; and x, be 
proportional, then the middlemolt is equal to 


_ = 


a ; but that is uncertain, and cannot be made 
otherwiſe : But by making r 7=m #, it will be 
7rx—44a, and 2 will then be the lIeller of 
the two Means between 7 and x, if r< x, or 
the greater Mean if r>x. And ſo, if r and x 
had been given, and two Means between them 
required to be found ; then by Retrogradation 
orderly one might come to the ſaid Xquation 
a*— bbbaaa=c, of which, if the Root 4 
be found, two Means are alfo found between r 
and x, which was to be proved. 


eee OS 
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RULE |. 
HE Square Root of any Number being multi- 
T ried by that Number, produceth the Square 
Root of the Cube of the Number. 
For 4/4 multiplied by 4 produceth ay, but 
1/4=4y/aaa for taking equimultiplices they, will 


be equal ; 2s if the firſt, namely, ay/a, be multi: . 


plied {till by 4/4, the produCt is ay/a4; that s, 
«a And it y/444 be multiplied by 4/4, it pro- 
diceth 4/a444z; that is, 44 alſo: wherefore 
/e=y/aaa. And therefore 3y/3= 4/27, Cl- 
ther of which is the Cube of 4/3, and the like 
of all others. 

RULE It. 

Sard Numbers are multiplied and divided like 
Whole Numbcrs, the Produtt retaining ſtill 
the Charaiter of tbe Roor. 

That is y/2 multiplied by 4/3, produceth 

y/6, ard fo of all others. 

Note, Where I ſhall tave occaſion (if any 
te) to ſpeak of a Cubick Root, I ſhall ſign ir 
this /c, and the Biquadratick Root thus 4/99: 

RULE IL 

To multiply, Divide, Add, or Subtratt the 

Roots of Surd Numbers, and firſt of, 
MULTIPLICATION. 

Beſides that which hath been ſaid in the laſt 
Rule above, theſe Roots of Surds may be mul- 
tiplied and divided, and known by other 
names, {o as ſometimes the ProduCts, or Quo- 
tients ſhall be rational. Firſt therefore any 
Square Root doubled is the Square Root of the 
Quadruple. As, 

2/5=y/20, and 24//20==y80. 

3/5=v45» 4y $—$9, 5/5—=v125- 

2/10,=y/40, 34/10=y90. 

a4y/1C=y 160, and 5y/10=4/250, Cc. 

Infinitely ſtill multiplying the Numerator 
2, 3, 4, 5, &c. into ir ſelf, and the Product 
Into the Surd Number, as if 3/10=yg0o, It 
aiſeth from 3 times 3 into the Surd Number 
vc, and the like of all others whatſoeyer. 


For put /4a—=y!10 to be multiplied by ano- 
ther Number, as by a= 10, the Produtt is 
ay/a—=loy/10; which by the firſt Rule js 
y4aa—y1o00, that is, the Numerator 10 
into it ſelf, making 100, which multiplied a- 
gin by the Surd y/10, gives 1000, 

And if it had been ar firſt / a —y10 multi- 
plied by any other Number, as e=3, the Pro- 
duct mult by the ſame methad be ey/a=ey10; 
that 1s, (by the ſame reaſon as the former, ) 
y/ eea—y/eeto—=v/go. 7 | 

And it is plain, that if any Root be multi. 
plicd by 

2 aadruple, 

3 { the Produtt — 

4 > ſhall be the <Sedecuple, 

5 CRoot of the /YViginriquintuple, 
6. Triviniſextuple. 

And ſo forward infinitely, according to the 
Proportion of the Squares of the Multipliers. 

Alſo by Decuplation, as if 5/5=y125, then 
5 50 —4 1259. Orif4y/4=y 64, then 
44/409<=v64d; and (as before) if 44/10=/y 160, 
then 44/100 = 4/1000. Allo by Sub-decupla- 
tion, if 2/10==4/40, then 24/1=y4. 

Or if 54/20=\,/500, then 5/24/50; and 
(according to that aforeſaid) 3/37 =4/333, 
and 34/36=4/324 that is the Square Root of 
three times three times 36. 

And this may often be of uſe, not only in 
Numbers but Species, and is therefore to be had 
in memory by him that would be ready in Mul- 
tiplication of Surd Numbers, or Surd Quanti- 
ties. 

Farthermore, it may be uſefull to remember 
that in Reciprocal Sards, as 44/5 and 54/4, theſe 
two have that Proportion one to another, as 
4 hath to a mean berwixt 4 and 5. 

As for Example 44/9, hath that Proportion 
to 94/4, as hath 4 to6, which is a mean be- | 
tivixt 4 and 9; for 4/g=12, and 9y/4=183 
but 4' 6" 12' 18”, or more generally, 

aye! 
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4 \/e ea" a Jae; for multiply the Means, 
it is acy/a; and multiply the Extremes, 2t 1s 
a,/ace, and divide each of them by 4, the firſt 
is ey/a, the other is 4/ace; but by the former 
part of this Rule ey/4a=y/ace; wherefore this 
is proved. 

ConſeFary. 

Hence it is. evident, That Roots of them- 
ſelves inexplicable may be ſo multiplied as the 
Produtt may be rational. For if y/20 be mul- 
tiplied by 44/5, the ProduCt will be 4/100==40: 
For 2/5=y/20, and 24/20 =4/S0, therefore 
4y/5=4/80; bur 4/80 multiplied by 4/20 glves 
xy 1600=40. | . 

I need- ſay nothing of Diviſion, for that is 
no more but by the ſame ſteps to go back again, 
as 4/1600 divided by 4/80, the Quotient 1s 
4/20; and ſo of the reſt which hath been ſaid 
in Multiplication. 

NOTE, 

Theſe things being ſo, it will not be hard 
to find ſome Numbers to compare with 
any ſurd Number, ſo as to make that 
Work rational and exprimible which ſee- 
med not ſo; for there is not any Surd 
Number can be given, which may not by 
ſome Multiplication be made a rational 
Number. | | 

For let it be 4/5, 4/7, 4/$S, or any of theſe, 
as /7; multiply it firſt by 4/7, that produ- 
ceth 7; but multiply 4/7 by any Square Num- 
ber whatſoever, as by 4, omitting the Sign 4/, 
it gives 28, then again multiply 4/7 by 4/28, 
it produceth 4/1 96=1 4. 

For this is all one as to multiply one Square 
Number by another , which muſt needs pro- 
 Cuce a Square Number. So here the Square 

Number 4 was multiplied by 7, and after by 7, 
that is, by 49, which Multipliers cannot pro- 
duce any other than a Square Number, to wit, 
196. Eucl.g.1. 

And whatſoever hath hitherto been ſaid of 

uadraticks, may ſerve for Cubicks alſo, due 
reſpect always had to the degree of the quan- 
tity and Root; for any y/c multiplied by 2 
gives 8y/c, by 3 it gives 27yc, by 4 it gives 
64yc; that is, 24/c8=4/c64, and 3y/c8=y/c216, 
and 34/c279=4/c729, the Proportion ſtill in- 
creaſing as the Cubes of their Multipliers. 

And the like conſideration had, this may be ap- 
plicable to Biquadraticks, or any higher order. 


And till whatſoever hath been ſaid of My1- 
tiplication ſerves in a retrograde way for Di- 
viſion alſo. 

RULE. Iv. 
For ADDITION. 


Surd Roots are uſually added and ſubtrated 
by the Signs + and —, as the Square Root of 
2 added to the Square Root of 8, the Summ is 
y2 +48, or ſubtratted, the Remainder is 
4 8—y2. | 

But theſe may be added into one Summ, for 
ſeeing 8 is quadruple to 2, therefore 2,/2—,/$, 
and the Summ is 34/2, and the Remainder is 
+2. Likewiſe the reciprocal Surds 8//2—2/8, 
are capable of Addition, SubtraCtion, Mulci- 
plication, or Diviſion ; for they are, being ad- 
ded, 34/32, that is, 4/288 ſubtratted, ,/32; 
multiplied, 4/4096 ; divided 4/4 ; but ſuch as 
are neither commenſurable nor reciprocal can. 
not be amaſſed into one Summ. 

And the Summ of the former Addition of 
/8+y/2 being already reduced to 34/2, may 
be yet farther reduced to 4/18; for 3y2 is e- 
qual to the Square Root of three times three 
times two, as hath been more than once ſhewed, 

And generally when the Surds given are de- 
nominated by Numbers in quadruple Propor- 
tion, as 4/2 to 4/8, and 4/3 to y12, &o. the 
leſſer and the greater being twice added to- 
gether, as 2 to 16, or 3 to 24, the Square Root 
of the Summ of the two Square Roots given 
to be added, that is, / 2 +y/8=y 18, and 
v3+4/12=4/27- 

The reaſon is, /i+4/4=y/9, which 9 is 
compoſed of the leſſer one, and the greater 
twice ; that is as often as the y/1 is contained 
in the 4/4. 

But if the Numbers be prime one to another, 
they muſt be added or ſubtratted by the Signs 
-- and —, for theſe Rules reach not to Primes. 

And having faid this little to acquaint ſuch 
as are wont to be affraid of Operations where 
Surds are preſent, which this will render ſome- 
thing caſte, which perhaps ſeemed hard; and 
others which were hard, leſs difficult, I will 
now leave this ragged Subject, and recreate 
a little with a few Problems, the performing 
of which may ſerve to recall into Uſe: and 
Praftice that which hath been ſpoken of Solids 


1n the former Chapter. - 


- 


of ALGEBRA. 


PROB 


PROB. I. 


' A NT Right Line being given, to divide 
it into two parts, ſo as the Redtangle 

the Whole-and one of the Parts, may be 
io the Square of the other Part, in ſuch Pro- 
portion as 1s betwixt any two Right Lines 


goven. 
Let the right Line given be 6. 

The Segment to be ſquared a, 

Then the other Segment is b—4 

And let the two Lines given be r and £. 

Then bb —ba' aal'' r! 5. 

Mdraa=sbb—5ba. per 16.6. Euclid. 

That is, 7 4 a +5 ba=5bb. 


Make _ —4, and divide all by r. 


Then it is, 44a + da = db; make db —Ff f. 
Then laſtly, it is, 4a +dea=ff. Andais 
efly found by Rule 1. of Chap. 2. 

And if it had bcen required to have had the 
Reftaogle -|- or — ſome other Plain to have 
kad any limited Proportion to the Square 4 4, 
the Work had been almoſt the ſame with ſome 
ſmall Additipn. 


PROB. II. 


Te make a Scalenon Triangle, of which 
. the. Baſe, Perpendicular, and Propor- 

_ tion of the other Sides ſhall be given. 
(I account that the Baſe whuch fſub- 
tends the divided Angle.) 


Let the Baſe given be b, the Perpendicular 
and the Proportion of the other Sides as r 
wi: of which let 7 be the leſſer, and for the 
kler Segment of the Baſe put 4. 

Therefore by ſuppoſition, 

rs yocoad ic bb — 2ba| aa. 
$0 that the Squares of them are alſo propor- 
tonal: that Is, | 

rr'-5u, cc ad! ec bb —2ba+aad'. 
| And by Multiplying the Means and Extremes, 
R$ 3544 o 55c =rrec + rrbb — 2rrba {-rras. 

Thar is, 


 Wae—rraad2rrbamtrrechrrbb=iicc 
Make = = Xx 

And divide all the Xquation by r, then it is, 

Xaamraga-2rba=rec-rbb—xcc. 

Xcondly, Make x—r=f, and g g=bb-þcc. 

Then it Is, faa+2rba=rgg—xcc. 

Again, Make = = bh, and E — kh, and di- 


| j 
de fau-|-2rba=rgg—xcc by fe 


I 
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Then it will be, 
| 2rb 
Laſtly, Make La 8 and bg —kc= mmi 


The Xquation finally reduced will be then 
aa-|-44a=mm, and 4 may be found by the firſt 
Rule for Square ZXquations, Chap. 2. 


PROB. II. 


Any Number being given, to find two 0- 
ther Numbers, ſo as all the three may 
conſtitute a Reftangle Triangle. 


Unto the Square of the Number given add 
Unity, the half of the Summ ſhall be the Zypo- 
_ : Or .from the ſaid Square take Unity, 
oy half of the Remainder ſhall be the middle 

ICE. ; 

For let the Number given be 4, the Square 
is 44, to which adding Unity, the Summ is 
aa--1, the half whereof is 5 « 4 -|- 5, for the 
Hypotenuſe. Hig 

Secondly, From 44 take Unity, the reſt, is 
4a—1, the half whereof is, 444 — 5, for the- 
middle Side. | | 

But the leſſer Side (by ſuppoſition) is 4. 

The Square of the leſler Side is 4 
The Square of the Middlemoſt is 3444a—Laa-*. 
Both theſe Squares are i8a4a}-iaa4-+ 

But the Square of the  TRnry 
54a-]-3 1s equal to theſe, that is, 1a* +iaa4- 
Therefore by the 48th of the firlt of Euclid, 
Propoſition is proved. , 

Corollary. | 

Hence it is plain, that the two greater Sides: 
of any Rectangle Triangle differ by Uni-- 
ty, for if two Squares differ by two, their- 
halves differ by one. 

Note, If it be required to have all the three” 

Sides in Whole Numbers, then the lefſer- 

Side muſt be an odd Number. 


PROB. IV, __ 
The Difference of the Sides of a ReQan- 
gle, with the Area and Diagonal in one" 


Summ being given in Numbers, to find 
out the Sides. i $4 


Let the difference of the Sides be 7. 


T 
gg” 
E 


th 


And the Area and Diagonal together 73. 


And put the lelſer Side equal to 4. 
Then the greater is a+7. 
Theſe two multiplied produce « 4 + 7 4; 
which is equal to the Area. 
And therefore 73—aa—74 is the DEG 
| he 


"il 
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The Square of which is, 
329 —146 44 
* 35-99 i tg _ 
+49 4 4 —1022 4 : 
Which reduced. and rightly ordered is, 

baaaa+lgoaq—9744—10224-+5 329. 

Which by the 47th of the firſt of Euclid, 1s 
equal to the two Squares of the other Sides 
a, and a7, whoſe Squares are 44, and 
aa + I4, 4 + 49. 

That is, +4444 +14444—9744—1022 4 
 +5329=244>Hl44-+49- 

- That is, +444 4-14 444—99 44—10364 
5 280=0. | 

That is, —aaaa—l4444a+99aa 
-1036a=$5230, 

In which Xquation, becauſe 4444 hath four 
dimentions, and the Homogeneat 5280, but 
four places, the Root « cannot conſilt of more 
than one Place, or Figure, which mult be found 
out by trying every one of the nine Digits, if 
need be, and will be found at laſt to be 5: 
therefore the other Side is 5-|-7=12, the Area 
60, and Diagonal 13: 

But if 4 had been more or Jeſs than 5, yet 
(except. ſomething elſe lead a readier way) it 
is good to try 5 at firſt, if it be too lictle, then 
7; if that alſo be too little, then 9; ſo there 
will be no need to try the even Numbers, 6, 
| $8, Sc. for if 5 bee too little, and 7 too great, 
it muſt be 6 ; the like reaſon will ſerve tor 8, 
4, 2; ſo that he which gueſſeth moſt unfortu- 
nately need not try above four or five digits, 
which is no great matter, the like happening 
ſometimes in ſeeking the Quotient in plain Di- 
viſion, for no Man is ſurc to gueſs right at firſt. 

Bur that we may exemplifie this in bigger 
Numbers, where a may conſiſt of more places. 

Let the difference of Sides be 71. 

The Area and Diagonal together 11977. 

Working as in the former Example, there 
will ariſe an Xquation, which being reduced 
and ordered as before, will be, 
mnt *m_— 42444 —2685441-1672764=1 380288. 

And putting b-þ c = 4. 

"Then the Canon of the Reſolution will be, 
— bbbb—- 4bbbe—6bbee—4gbece—ccce 
—142 bbb —426bbc—426bee —142ccec 
— 2685 bb — 5370 be — 2685<cc 
—o+167276b--167276c. 

"To be orderly ſubtratted from the Homoge- 
ncal Number given 1380288, as followeth. 


- The Number given 1380288 
The firſt ſingle Be b—1 Ten : oh 
— bbbb 1.0000 : 
—142bbhb 142.000., 
— 2685bb 2685.80 
In all 4205.00 
141672766 167276.0 


Subtr. (the diff. of -|- and —) -}-1 252260 
Remains ofthe Number given -+0 128028 


The firſt Root decuplate b—10 
—4bbb 40009 


 —6bb 0600 
—4b 0040 
—426bb 42600 
—4266 4260 


—$370b 53700 


Then — 105200 is all the — 
And +167276 isall the + 


Diviſor +6 2076 is their difference. 
The ſecond ſingle Root c=3 | 
Remains of the Number given -+o128028 


—zbbbc 12000 
—6bbec .5400 
»—gbccce 1081 
—CCCC Rs Þ 


—426bbc 127800 
——426bce 38340 
—142Cccc ..3834 
—$370bc161100 
—2685cc .24165 


In all — 373500 
+167276c=501828 
all the leſs being 373800 

The difference is + 128028 


Which being taken from the Remains of the 
Number given 128028, there remains final- 
ly nothing ; ſo that the given quation is juſt- 
ly reſolved by the Root b+c=1 3. 

The leſſer Side & is therefore 13, to which if 
the difference given, namely 71, be added, the 
middle Side 84 is thereby compoſed. 

Again, if to that middle Side 84, be added 
Unity, the ZHyporenuſe of a Right-angled Tri- 
angle is compoſed, whoſe three Sides are 13, 

43 O5- | 
The Superficies of this Triangle is half the 
Parallelogram, or ReCtangle required. 

For 84 multiplied by 13, gives 1092, for 
the Area of the ReCtangle, to which adding 
85 the Diagonal, compoſeth the Number 1177, 
as was required in the Propoſition. 


COMPENDIUM. 


Seeing the two greater Sides of any Reftan- 
gle Triangle exceed one another by Unity, (as 
by the former Corollary, ) the difference be- - 
twixt the two leſſer Sides being given, the dif- 
ference betwixt every two Sides is allo given. 

So that putting « for the lefler Side of 
the ReCtangle, the. greater Side is 4471, 
and the Diagonal a+ 72, whoſe Square Is 
-+aa4+1444-5184, to which the two Squares 


. of the Sides being a4+4 4-þ14244+5041, are 


equal. That is, 

2 a4-H142 a-þ5041=44--1444--5184. 
And ſubtract. from each part a«-þ-1 4444-50413 
there will remain -|-aa—24=143. And a will 
be found 13, by the ſecond Rule of Chap. 2. 


RESUMPT, 
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RESUMPT. | 

In the ſecond Problem of this Chapter it hath 
been ſhewed, How upon a Baſe and Perpendi- 
cular, and Proportion of the remaining Sides 
given, to deſcribe a Triangle. 

It is there to be'underſteod of an Acute-an- 
oled Triangle, in which the Perpendicular falls 
within P34 Now therefore let it be 
otherwiſe. : 


= 


As in this Figure of the Triangle a 4b, let 
there be given the Baſe 4 b=6, the Perpendi- 
cular 4e=c, and the Proportion of the other 
Sides, Namely b d=r, and 44=5s; whereas in 
the ſecond Problem, the leſler Segment of the 
Baſe was called a, and the greater b—a: Now 
here the Line 6 e may be called 4, and ae ſhall 
be b+a, and the reſt of the Work will be like 
that before in Prob. 2. 

: NOTE: 

And it may be Noted, That if from 4 and 
þ (the ends of the Line « 6) be drawn other bi- 
nary Lines, how many ſoever, ſo as they hold 
the ame Proportion as - to ”, and concurr in 
other Points, as c, f, g, &c. thoſe Points are 
all in the Circumference of a Circle whoſe Cen- 
treis in the Line ab, produced towards g. 

For upon 6 deſcribe the ReCtangle Triangle 
«bc, whoſe two Sides ac, cb, may be as 5 to r, 
and divide the Angle ac b into two equal Parts 
by the right Line c x, and draw c q perpendicu- 
krto ac in c; then the Angle xc g=g0—xca; 
likewiſe the Angle cxq—9g0— xcb, but xcb=xca, - 
therefore xcq=c x9, and cq=xq. 

And becauſe of the ſimilitude of the Trian- 
gles «cq and cbg, It is ag! 9" by ”'; that is, 
aq xq"' bq' '. Now by ſuppoſition ae” bg! ac! be! 
And it hath been proved ag xg"! by) ”. There- 
fore by Compolition alſo it will be, 

ag4xq xq+bq" x9 by. 

But ac! be” ag! x4. And x4! bg"! aq? xgl'. 
Therefore ag' og” aq9q+x9g' xq9q+bq". And 
therefore a o=aq+xq. And xq=gq. But it 
hath been proved that xq=cq, therefore 
xq=6q=g 9 

Again making the Centre q, and the ſpace 
xg, cq, or gq; deſcribe the Circle x cg, and 
prolong db to the Circumference in z, and 
draw qz: And becauſe it hath been proved 
above, that ag! bo" ac! bc". 

Thar is ag' be” x4 6q', therefore alſo by Di. 

Vifion ag—by' be" xg—bq bq'!, 


That is ab' bg" xb' bq""; Therefore the ReCtan- 


gles abq—xbg. Eucl. 6. 16. 
And becauſe by Suppoſition ac' bc” ad' bd. 


And ac' be” 9&#” qb", Therefore a4' b4" qc qb", 
but 9c=9z, therefore ad" ba” qz' qb", and the 
Angles abd, zbq, being equal, the Triangles 


abd, tbq, are equiangular. Excl. 6. 6. 


And therefore ab' ab” bz bg. Eucl.6. 4. ard 


the Rectangles dbz—abq. Eucl. 6. 16. But it 
was now proved, that a#q==xbg, therefore 
xbg—dbz. * 5 

So that the Points x=g, being in the Cir- 
cumference of the Cirele xzg, the Point # 
muſt be in the ſame Circumference, Ecl. 3. 35. 

The like Prodf may ſerve to ſhew that the 
Point f is in the ſame Circumference ; which is 
all that was to be proved. | 

This Circumference however defired by the 
Ancients, effefted by modern Mathematicians, 
ſeems yet to have little uſe, more than to help 
the conſtruction of the Triangle, which ( bur 
now I ſhewed) may be done without it. 


| PROB. V. E 

In any Reflangle [ bdca] given, from 
an Angle in it, | c,] to draw a Right 
Line, | cf] cutting one oppoſite Side 
[bd. i o,] and concurring with the 
other;'{ba,] produced in | f,] {0 as 
the intercepted Line [fo] may be 
equal fo [ 2) any other Right Lint 
grven. VS 


a 


c d 


Put b4—=b ed—#&d 
do=4 bf=6 
And becauſe the Triangles bo f;, 4c 6, are like, 
Therefore it is b—4a' 4a" & 4, 
And db—d a= ae, that is, ae da=db. 

So we are quickly come to the Aquation re- 
quired, which Xquation having as many un- 
known Quantities (as 4, e,) as known (to wit, 
b ard 4,) 1s hitherto uſeleſs. 

That the Problem therefore may be ſolved, 
we muſt work another way, and hring it to a 
Solid Xquation, by making ( for more conve- 
nience) cd=b, fo=c, and Fre, and bo=a, 

[| fl F a a 
Then d—«' a" b TY and TSE= bf, 
bbaa BY 
dd —2dataa T 4a 
is equal to cc, by the 47th of the 1. of Euclid. 
Multiply all by the Denominator dd—24a-4-44 


*X It 


And the Square thereof 


a _—_ - 2m 20-6 -—s eee ens 
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| It makes 
ddaa—2daaa-}-aaaa4bbaa—ddec—2decatccoas, 
That is, 


aata—2daan+bbaa—ccaa-ddaa{-2dcca=dacc. 
Make bb + dd — cc = ff, then f ſhall be 
ſigned + becauſe here by tuppoſition it ſhall 
be bb+d4d4 >cc. And the Aquation will be 

a4na—2dacadhffaa+2deca=dacc. 
nge the ſecond-term which is —24446, 


by the ſecond. Rule of the 6th Cheap. And be- 


cauſe the Rule is not fully exemplified there in 
the operation thereof, I will here work. it at 
large. Becauſe aaa« hath four Dimenſions. 
Therefore make 4' 1” 24' 34". 

' Again , becauſe the firſt and; ſecond term 
have different ſigns, therefore put e-+ ;4= 4: 
Chap. 6. Rule 2. | 

The new Xquation ariſing thereof will be, 


+e*-+-24e)-jSddee-{$ddde +4 ddd 
m2 de — af rh P77: 
eq+; =O 
LACS Doh 17 lap 
| — ddcc 


The Homogeneal —acc, is here put on the 
ſame ſide with the reſt, becauſe (for the pre- 
ſent) it ſeems better to ſtand fo, that it may 
be the laſt term, in relation to that which 1s 
gone before. : 

In this laſt Zquation, it is manifeſt. that the 
ſecond term 2d4eee, is. (through contraCtion of 
+ and —) aboliſhed, as was required. 

And now becauſe the Queſititious Root e muſt 
be found by help of a Parabols, as before in the 
like caſe was ulſed, it is'teteſlary to rednce the 
Aquarian to Toine Tath form as hath bega ſhew- 


cd before. Y : | 
Firſt therefore to'xeduge the third texm, be- 
cauſe d>f, and + "2a, taken from + 3 4d, 
reſts —7dd >ff;, make {dd—<ff=gg, ſo all 
of the third term ſhall bej—g g ee... 7 
Likewiſe for the fourtþ term; yf—— - 
+$ddd —$ddd+dff, © 
be ſummed up together the aggregate will be 
—- ddd --ffd; make dd —=ff+2cec=bb, 
then all the fourth term will be + dh he. 
Now for the laſt term, —34*—,;ddda—;4d4dd, 
and therefore making +; dd — :ff =11, the 
aggreegate of the leaſt Term is thereby —d 411, 
for dacc is through contraCtion of the ſigns an- 
nulled. | 
And now the Aquation 1s, 
ecee—goee+tdbbc—ddll=o, 


l 
7 =", and —=p; then 


the Zquation will be eece—dmee--ddne—dddp—0, 

and making 4=1, then the Xquation fully re- 

duced, and rightly prepared is eeee—mee 
C—p=0. | 

Or eece=mee—ne-p, which is alto- 

gether the ſame with that in the former Chap- 

| ter, and the working of it is there ſhewed. 


Except only becauſe there the quantity f is 
fligned —, and here the like quantity p is ſigned 
+, 1 ſhall (although this caſe only is demon- 
ſtrated in Des Carres) here demonſtrate it thus : 


"ka; 
, 


OE —_w 


T IJ 


Deſcribe the Parabola f ap, according to 
Parametre d, (that is as, ) and let s he = 
Axis, and make ac =3d, ce=4m, and at 
right Angles at e make me = 3s, and draw the 
Line -1'4 5, Making 45 =&, and ax=p, and 

upon +5, as a Diametre, deſcribe the Semi. 
circle x b 5, and from « to b raiſe the Þ 
dicular 4b, cutting the Circle in b, and-with 
the Redias mb deſcribe the arch b ky, cutting 
the Section in k, and from k let fall a Pex 
dicular to ze produced in 9, and draw the 
Lines.-rk and 1b; x ; 
DEMONSTRATION. 
— Toprovegk=e. 

Suppoſe it done, and becauſe kg —=qe=e, 
and mz e = ;#, therefore m q = 4» + e, and the 
{quare of it is z 2» + ne-þee. 

And becauſe «e=+;d+1im, and gk=e, 
and becauſe of the Parabola g a =e e, therefore 
alſo eg or qk= 5 m + 34—e e, and the Square 
thereof is +;mm--imd-idd—mee—deeeere. 
That is (becauſe d is equal to Unity ) 

+immTim i —mee—ceÞeeee, 
to. which add the former Square of * » + e, 

: And then the whole'is 

amm mt —me—eee*iod-nebee, 

+ hat -— 

zmmpim pi —ncete* inn dn 
equal to the Square of the * 4.6 y «la 
— Again, becauſe me=24 », the Square of it is 
47m, and becauſe ae=3m-þ+, the Square of that 
is; mm; m4, which added together make 
znn+;mm 4m, for the Square of m«, 
to which add the -Square of 4 h, that is p, (for 
ax=p, and 4s=1, and conſequently by- 
Eucl. 6. 13. the Square of 4h is equal to p,) 
the aggregate is 3 » 2 + i mm + im + +p, 
equal to the Square of the Radius mh, but 
mh=mk, And therefore this aggregate is equal 
to the former aggregate, and one may ſee that 
theſe Quantities + im m | 4 nn +544 m, are 
common to both ; and therefore the reſiduals 
are equal. 
Namely, 


; 


. 


—_ _ | _ nal-o 
| "s.£ LS: 
% £& , 
- a - 
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Namely, +ecee—mee-bhne=—+p, 
That is in Des Cartes his form. 

: cece=—Fmee—ne+p, 

Which was the Xquation to be reſolved, and 
therefore gk—=e, which was to be proved. And 
therefore if g k be added to 4d, the Summ is 
equal tO 4 the Queſititions Root of the firſt X- 

nation, and is equal to b0.. So that the Poirt 
o which was firſt fought, is hereby found ; and 
the Problem ſatisfied ; which was to be done. 
ADVERTISE MENT. 

Now that the different ways of writing e/Equa- 
tims may cauſe no confuſion, let it be j Ae”, co 
be written ever thus, eece, mee, ne, P=0, 
the Signs + «nd — to be ſupplied as the occaſion 
requires. Then, « 

i, If it be — nr, the centre of the deſired 
Circle is within the SeCtion, or at leaſt below 
the Vertex. ; 

2, If it be +, the ſaid centre is above the 


vertex, and im Is applied upon the Axis produ- 


ed, from the Pointc, which is always in the 
4 within the Section, diſtant from the Yer- 
tex « by half the Parametre; and therefore in 
this caſe the Line mz cannot be leſs than the Pa- 
tanetre d, otherwiſe the Point d would ſtill 
fall within the SeCtion. 

3. If it be +, thoſe Perpendiculars ( let 
fall from the ſeveral interſeCtions of the Para- 
bas and Circle to the 4xis, ) which are on the 
fame fide with the Centre, are the falſe Roots, 
add the other the true Roots, but if it be —», 
then juſt contrary. 

4. Laſtly, if it be — p, then 'one anxiliary 
Circle will ſerve, as here it doth; but if it be 

+1, then there muſt be another alſo. 


PROB. VI. 
| Upon a Line given as a Baſe to deſcribe 
an Ifoſceles Triangle, ſo that an in- 
ward parallel Baſe may cut off two Seg- 
ments of the Sides betwixt the Baſes, 
fo that either Segment may be equal to 
the inward Baſe » the Perpendicular 
from the Vertex to the ſaid inward 


Baſe being alſo by ſuppoſition given. 


C F 


Let there be given the Line cd, and the 
Line bg, 


And let it be required upon cd, as a Baſe, 
to deſcribe thie 1/oſceles bed, ſo as the Line bg, 
falling at right Angles with Fe, equidiſtant ro 
c d, the Lines 4f, ef, and ec, may be equal 
each to other. | 

Put gr =e,, and fe=a, and cd=b, and 
Pons , then 4", d+e" a! b". | 

That i8 da +ea=4db. Eud.s. 16. which 
is the ſame XEquation as was firſt in the former 
Problem ; and therefore if there be in the room 
of da-+ea=4db ſubſtituted another Equati- 
on like that in the former, ſach is the /Equati- 
on 4*—244aana+ffaa+:dctaddcc=o. 
And that purged from the ſecond term, as be- 
fore, there ariſeth a ſecond Zquation, 

ecee—mee-Fac—p=0.., 

And laſtly, If 4 be a Parametrre, according to 
which a Parabola is deſcribed; the Root ec, and 
conſequently the Root 4, may be found as in 
the former. 

And thus having ſhew the. method general 
for all Zquations which attain but 3 or 4 Di- 
menſions, and exemplified it by Problems which 
lead to ſuch Aquations ; I now ſay that was the 
end- of my preſent buſineſs. And if any ſtill 
deſire a longer reach, I referr him to Des Car- 
es, who hath proceeded to Aquations of 5 and 
6 Dimenſions; by which four Mean Proportio- 
nals, and quinquiſeion of Angles, and other 
ſurſolid Problems may be found and effefted. 

NOTE I. 

The fifth Problem of this Chapter, as it is 
more compoſed than triſeftion, ſo it compre- 
hends it, as may be ſeen by ( not only Pappas 


and others who applied it to that end, but) the 


following Example. In which let there be an 


 Archof a Circle, namely bc, and let it be re- 


quired to divide the Arch bc into three equal 
parts, or (which is as good) to find the third 
part of the Arch 6 c. 


Find out the Centre e, ard deſcribe the Cir- 
cle, and draw the Diametre bg, and produce it 
to p, or farther, as is needfull, and make c r the 
right Sine of the Arch bc, and from the Centre 
e draw e x, parallel to cr, and complete the 
Re c+er, _—_ _ fifth Problem, 

raw cp tocutex, inf, ſoas fp may be equal 

to be, then I ſay that go is equal to a Third 

part of b c. 
From o through e, draw oez. 

Now becauſe eo is Radius, f p the Diametre, 
and the Angle f ep a right Angle, therefore the 
Lines fo, po, eo, are ſeyerally equal. 

A 2 And 


356 


Curesus MAaTHEMATICUS. 


"—_—_—— 


And the Angles zeb—geo, and peo—=epo. 
And alſo foe=2peo. Eucl, 1. 32. 
Therefore alſo foe=2zeb. 

But foe, that isc0 x, being in the Periphe- 
ry, is meaſured by halt the Arch c z, Euclid 
3. 20. wherefore-b Z, which is the meaſure of 
half the Angle coz, is a fourth part of the 
whole Arch c z, and conſequently a third part 
of bc, and therefore g o, which is equal to 6 z, 
is alſo equal to a third part of bc, which was 
to be proved. 


NOTE Il. Mechanicaly. 

Seeing in this Scheme the Line fo 1s ever 
equal to the Semidiametre eg, if in common 
practice there is bc, or any other Arch ( not 
greater than a Quadrant) to be triſeCted, lay- 
ing a thin Ruler to touch the Pointc, and cut 
the diametre b g, produced in p, the Point re- 
quired, the Compaſſes being open to the juſt 
Length of the Radius eg, ſetting one foot in 
ex, and ſhifting the Ruler till the other foot 
fall in the Periphery at o, the Point o ſhall al- 
ways be diſtant from g, by a third of bc, the 
doing of which (although it muſt not be called 
Mathematical, yet) is very near . as. eaſie, and 
as free from erring as from a Point given to a 
Point given to draw a ftreight Line; or upon a 
Centre given with a diſtance given to deſcribe 
a Circle; and from a given Point in it to ſet 
off an Arch equal to an Arch given : And there- 
fore I recommend this as a moſt ſimple and 
ſhort and ſafe way for Mechanick ule. 


NOTE II. 
If the Arch to be trifeted be greater than 
a Quadrant, then triſeCt the Complement there- 
of to a Semicircle ; and the third of this Com- 
plement taken from 60 Degrees ( which is al- 


' yet) only Archimedes hath laboured with 


ways a given Arch ) icaves the third of the 
Arch required. 

Inſcription of Chords in a Circle, and ma. 
king equi-crural Triangles, whoſe Angle at the 
Bafe ſhall be to the Angle at the Yertex in any 
given Proportion, are the fame thing; for to 
inſcribe a figure of 3, 4, 5, 6, 7,8, 9, 10, 11 
ſides &c. finds ſuch Triangles whoſe ſaid An- 
gles ſhall be as 3, 3, 355, 5, it 32 24 £34 Sc. as 
is eafie to be ſeen by the oneration. | 

Quadrature of the Circle is that in which (as 
ſucceſs, he having demonſtrated that the Cir. 
cumference is to the Diamietre leſſer than as 22 
to 7, and greater than 213; to 7, within which 
ſtrict limits, a French Man many years ſince 
found it to be in whole Numbers thus: 

As the whole Circumference is to the Peri. 
metre of the inſcribed Square, ſo is 1o to 9 
that is, Quadrant' Subtenſe®, 10! 9g” which is 
calie for practice ; and may be proved thus: 

' Put the Diametre — 7, the half = 32, of 
which the Square is =<;, and doubled jg 42, 
whoſe Square Root is the 1idt of the inſcribed 
Square. The whole Perimetre therefore is 
4+ 53, and the whole Circumference is found 
by this Analogiſm : 

a bY 106 4x22 232% 

- It reſts to be proved that 44/2 is greater 
than 2133, and leſſer than 22. 

Now 4.949 is fomething lefs than 4/*2, which 
multiplied by 40, and divided by 9, the Quo- 
_ Is 21.995, which yet is greater than 2132, 
Or 5555 > Fee | 

Again 4.950 is ſomething greater than y/ #2, 
which multiplied by 40, and divided by 9, as 
before, the Quotient is 22; ſo that 43/*?<22, 


and 5; 4/ =; >>215;. Which was to be proved. 


HEEH/QX A TIONS 
Ariſing from a Quantity divided into Two unequal Parts: 


AND 


The Second BOOK of EUCLIDE's ELEMENTS demon- 
ſtrated by Spectes. 


230 
. - 2 OR 2 
S,-* . — _ _ bn. 
E135 


If Z 10 be divided into A7 and E 3. 
I. Then 


Z—A+E 
Ic=7+3 


Becauſe the Whole is 
equal to all its parts. 


fe 1, 
3. And CLOSES 
FO PRE?7 
Becauſe A is ſuppoted the greater Part, from 
it take I=F, the leſſer Part, and let the Re- 
mainder, which is the difference of -the Parts, 
be noted with X. w; 
But I4+P—A, becauſe all the Parts are equal 
to the Whole, but E=I by fuppolition. 


4. Therefore PITS FÞy Interpretation. 
3+T4=7 
5+ And 


2. And mam Tranſpoſition. 


By Tranſpoſition. 


— _ cr —_ 
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© And Manny By Tranſpoſition. 11, andy gangs © dy Tranſpoſition. 

6 And {ADE Ofy Tranſpofrion. = - And Ee, rk Red Doane 
Ba AE by the third Eyaarion, — = 72 Therefore FEFNSLOD Py peceopret 

1. Therefore 4 IEEE Tpy Interpretat. 13: And ah rk=" Tv Tranſpofition. : 

g. And ee? Tranſpoſition. 14. And rm &By Tranſpoſition; 

. and} Fonrcs FB) Tranſpoſition. 15. And ne By Diviſion. 

10, And a +) &By Diviſion. 16; And | pw © Spry rome ting 


The Second Boox of EUCLIDE's Ertemenrts. 


F there be two Right Lines, and the one of Segments. 4 7 | of ſa 
them be divided into any Parts, the > 


Rectangle comprehended by the two Right F\ 


Lines is equal to the Rettangles compre- > 
hended by the undivided Line, and each . - 
Seament of the divided Line. Y AT F. WW - 


1 ” 24>  WENGS | pax it ZEAFE, by Suppoſition, 
| Then ZA— <2 
B}] BA BE | RB r | Fo. ro _— ae bby Multiplication. 


oY \ ord . Propoſition IV. | 
ol if a Right Line be divided at pleafure, the 
| Square which is deſcribed. on the Whole 


If Z=A-+E-+1 by Suppoſition, ware 
Multiplied by B. * EOS, 4.ive is equal. do the Squares of the Seg- 
Then ZB=BA+BE-ÞBI, by Multiphcawon. ments, and to twice the \Rettamgle of the 
Propoſition 11. KL) - Segments. wy Wt 
If a Right Line be divided at pe, the TE 
 Reflangles comprehended by the Whole and A. E 
each Segment, is equal to the Square made EE _ 
of the Whole. | AE E q 
FED: 
2408 E _— 2p 
Z | E& 1 Z 3 = 
E 
| ki Sen 
, TE. +36; ' —_ 
if ca" by Soppoſition. | | 1 
| , 
Then Zq=ZA-+RE, by Multiplication. — — 
If Z= 
| Propoſition Il], "Rs #: ©by Suppolition, 
If a Rizht Line be divided at pleaſure, the —AqtAE 
Re:tangle comprehended by the Whole and AE+Eq ; 


one Segment, is equal to the Reflanzle of Zq=Aq+2AE-+Eq by Multiplication. 
| | | Propo- 


Ye 
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Propoſition V. 

If a Right Line be divided into equal and 
. .* awequal Parts, the Reflangle- comprehen- 
ded under the unequal Segments of the 
Whole, with the Square f the internie- 
diate Part, is equal to the Square of the 
half Line. 


| 


For, If Z=A+E by Suppolition, 
Then A=Z+4X by the tenth Aquation. 


2 
And E=Z—X by the 15th Equation. 
2 


| ZX—Xq bs 
Then AE=Zq—Xq by Multiplication. 


4 
And AE+Xq = Zq by Tranſpolition. 
4 4 


Propoſition VI. 

| Tf a Right Line be divided into two equal 
Parts, and unto it another Right Line be 
added, the Reflapyle comprehended by the 
Whele, with the Part added, together with 
the Squate of the Half, is equal to the 
Square which is made of the Half and Part 
added, as of one Line. 


s» © #6 2 > www vs 4 


If 2E-X=2Z by Suppoſition, 
And E--X=A by the fourth Zquation, 
Then Z=AFE by Interpretation, 
And X==A—E by the ſixth Zquation. 
AqjAE 
 —AE—Eq 
Then ZX—aq—Eq by Multiplication. 
And ZX+Eq=Aq by Tranſpoſition. 


Propoſition VII. 

If a Right Line be divided at pleaſure, the 
Squares of the Whole Line and one of the 
Segments together, are equal to twice the 
Reftangle of the Whole, and the ſaid Seg- 
ment, and the Square of the other Seg- 
ment. 


[ay 
— ——— 


Fs. 
emma SP > | 


- *% 
.” k. 
S 


If Z=A-+E by Suppoſition, 
ThenA—Z—E by Tranſpoktion. 
A=Z—E 
—ZE 
Yeh; 


And Aq=Zq—2ZE Multiplication, 
And 5 rs Ct Es +4 Teena 
Propoſition VIII. 

If a Right Line be divided at pleaſure, 
the four Reftangles comprehended by the 
Whole and one of the Segments, with the 
Square of the remaining Segment, is equal 
to the Square which is os the Whole 
Line, and the Segment as one Line. 


2 Gl 


if 


TIO 


mn. of 4.688% WW 


: 
If Z=A+FE by Suppoſition, 
Then 24=ZFX by the Ninth Zquation. 
And 2E=Z—X by the Fourteenth Xquation. 
Zq+ZX 
TT E—Xq 

"zAE=Zq—Xq by Multiplication, 

And 4AE+Xq=2Zq by Tranſpoſition. 


Propoſition IX. 


| a Right Line be divided into two equal 
Parts, ani into two unequal Parts, the 
Squares which are made of the unequal 
Sepments of the Whole Line, are double to 
the Squares of the Flalf Line and inter- 
mediate Segments. 


-—> -2 **a, 
Ra *, 


- ” 
®. 


Ld 
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if Z=A+E by Suppoſition, 


haſh Ee by the Sixth Aquation. 


AA—AE 
—AEFEE 
Then XX=AA—2AE-+EE by Multiplication. 
Ind ZZ=AA+2AE-FEE by 4. Prop. Excl. 2. 
Tterefore ZZ+XX=2AE+2EE by Addition, 
kd ZZ4XX—=AAFEE by Diviſion. 
2 


Propoſition X. 


T a Right Line be divided into two - equal 
Parts, and unto it be added another Right 
Line, the Squares which are made of the 
Whole Line and the Parts added both to- 
gether, ſhall be double to the Squares which 
are made of the Half, and of the Half 
ad Part added, 


XE : | 
[Kq 
x p 
= 
If Z=A-þE by Suppofition 


And X=A—E by the Sixth &quation. 
Then Zq+Xq=2Aq-þ2Eq, as before. 


Propoſition XI. > 
To divide a Line by Extreme and Mean 
Proportion, that is, ſo as the Reflangle 
comprehended by the Whole and one of the 
Parts, may be equal to the Square of the 
other Part. 


Ub i2=s 

And 4/q{4£q=3Z=A by Conſtruttion, 

Then 2E=þn | : : 

For 4/q{Zq=iZ-+A by Tranſpoſition. 
v41£9=1ZfrA _ 


iZqFiZA 
__ TZATAq 
en{{£q=—3Zq+Aq by Multiplication, 
And SE ESabks by ſuberatting 1Zq. 


But Zq=ZA-+ZE by the ſecond Propoſition: 
Therefore ZA+Aq=ZA-+ZE by Interpret. 
And AqZZeE by Subdudtion. 

Which was to be proved. 


Propoſition XII. 


In obtuſe Angled Triangles, the Square which 
is made of the Side ſubtending the obtuſe 
Angle is greater than the Squares which 
are made of the Sides comprehending the 
obtuſe Angle, by twice the Reftangle com- 
prehended by one of the Sides which are 
about the obtuſe Angle, (on which, being 

produced, a Perpendicular falleth,) and 
the 


Y 
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>be Part which is between the Perpendi- 
cular and the obtuſe Angþe. | 


In the Obtuſe Angled Triaugle CD A. 
F CEOIInnTrY by the 4th Prop. 

n 
Bat DqZ2Zq-+Pq by the 47th of the firſt Eucl. 
Ergo Dq=Agqþ2AEq+HEq+Pq by Interpret. 

\ But Ca=EqPa by the 47th of the firſt Eucl. 


= vs my Bs 6 Brie by Interpretation. 


ich was to emonſtrated. 


Propoſition XII. 


In Acute Angled Triangles the Square which 
is made of the Side ſubtending the Acute 
Angle is leſs than the Squares which are 
made of the Sides comprehending the A- 
cute Wnaje, by twice the Reitangle com- 
preBended by one of the Sides which are 
aboutithe Acute Angle, ( on which a Per- 
penditular falleth,) and the Part which is 
between the Perpendicular, and the Acute 


Angle. 


ArTgETEqeTtq by Additit:- 


In the Acute Angled Triangle CD Z. 
Zq+Eq=zzZE-+Aq by the ſeventh Prop. 


| And Zq+Eq-+Pq=2ZE-+Aq+Pq by Addit. 


Bat EqjPq=Dq by the 47th of the firſt Excl, 
Ergo Zq--Dq=2ZETtAqPq by laterpret. 
But Cq=Aq}-Pq by the 47th of the firſt Excl. 


Ergo Zq+Dq<=Cq+2ZE by Interpretation. 
Which was to be proved. 
Propoſition XIV. 


To make a Square equal to a Right Lined 
Fig nregtven. 


—_ 


ade 2 pet” E 


X+:Xq=1Zq by the fifth Propoſition. 
E—3Zq—*Xq by Tranſpolition. © ; 


But _—— by the 47th of the firſt Excl 
G 


Ergo XA=Pq by Interpretation. 
W hich was to be proved, 
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Comprchending 
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ASTRONOMY, 


Or the Doctrine of 
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In Two PARTS. 
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CONTAINING 


I. The Dottrine of the SeraERE; and-a Deſcription 
of all the Circles, Lines, Points, ec. thereupon deſcribed ; 
and to what Uſe each of them ſerveth. 


With the Uſe of the 


Celeſtial Globe in Aſtronomy. 


IT. The Dotrine of SpuERICAL PRojECTIO x, 
Teaching, Steriographically to Project the Sens mn in 
Plano, uponany CIR CLE thereof, Diret or Oblique: 
Alſo Orthographically Cby Ellipſes) commonly called 
the ANALEMMA. 


AND 


pe IEI——_— 


The ſes of the forementioned PxojEcTIONSs exemplified in the 
| ſolution of ſeveral Problems Aſtronomical, relating to the Motion of 
the Sun and Stars. 
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Carſns Mathematicus. 
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PRACTICAL 


ASTRONOMY: 


Or, The Doctrine of 
PRIMUM MOBILE. 


PanT Kk 


Containing the Dodtrine of the SPHER E, and 
the Uſe of the Celeſtial GLOBE. 


P R O OE M. 


7 may be expected I ſhould ſay ſomething here concerning the Name, Original, 
| and Progrels of ASTRONOM Y; bat that Part of that Science, 
in this place to be treated of, being only Practical aud Introduftory to the 
other Parts thereof which follow : I ſhall reſerve the forementioned Definition, &&c. 
till I come to treat of the Theorical Part of Aſtronomy, as more pertinent 
thereunto. ; 


— OC 4 


IR 


| CHAF * 
Of a Material SPHERE os GLOBE. 


HO was the firſt Inventer of the Artificial Sphere or Globe is not 
evident ; ſome think ( with Play ) that it was found out by Atlas, 
and carried into Grece by Hercules ; others have aſcribed it to 
Anaximander Mileſwas * lome to Muſeus, as Duogenes Laertius ; otheis 
to other Authors, amongſt whom Architas Tareminus is not for- 

gotten : Bur all theſe were out-ſtript by Archimedes the Syracuſau Mathematician, who 

tiounſhed Amo Mundi 3739. ante Nat. Chrift. 209. who is ſaid to have compoſed a 

Sphere of Tranſparent Glaſs, repreſenting unto the hte the whole frame of the Heavens; 

wherein the Sun, Moon, and Stars, with thcir true Motions, Periods, and Limits wers 

ſhewed to the fight, un ſuch ſort as if it were natural: Of which Claudian (an emi- 


Aaa 2 nent 


Ad. < 
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- 
CE 


nent Poet in the time of Theedoſius the Emperor, who was born at hana, and 
flouriſhed Anne Chriſti 390. elegantly wrote in his Epigrams, which in Engliſh is thus 


rendered :; | 
In « ſmall Glaſs, when Jove beheld the Skies, 
He ſmil'd, and thus unto the gods replies ; 
Could Man thus far extend his ſtudious care, 
To mock my Labors in 8 brittle Sphere ? 
Heavens Laws, Mans ways, 4nd Natures ſovereign Right 
This Sage of Syracuſe tranſlates to ſight. 
A Soul within, on various Stars attends, 
And moves the quick-work unto certain ends. 
A feignmg Zodiack runs bis proper year, 
And 8 falſe Cynthia makes new Months appear. 
And now bold Art, takes on her to command 
And rule the heavenly Stars with humane hand. 
Who can admire Salmonean harmleſs Thunder, 
When # ſlight hand ſtirs Nature wp ro Wonder ? 


This is one Verſion of Clazdius, but excellently thus tranſlated by T. Randolph. 


| Jove ſaw the Heavens, framed in a lutle Glaſs; 
And laughing, to the gods, theſe words did paſs : 
Comes then the Power of mortal cares ſo far ? 
In lutle Orbs my Labors ated are. 
The Statutes of the Poles, the Faith of Things, 
The Laws of gods, this Syracuſian brings 
Hither by Art : Spirits imclos'd attend 
Their ſeveral Spheres, and with ſuch motions bend © 
The living work ; each Year the feipned Sun, | 
Each Month returns the counterfeted Moon. | 
And wiewing now her World, bold induſtry | 
Grows proud to know the Heavens his Subjetts be, 
Believe, Salmonius bath falſe Thunders thrown, 
For a poor hand is Natures rival grown, 


But to paſs by this piece of Art, and alſo that Sphere lately compoſed by Cornelius 
Trebelins and preſented to King James the Firſt of E I ſhall come and give 
you an account of an Artificial Sphere or Globe, with all the Circles, Lines, and Pots 
thereon deſcribed (and imagined fo to bg) in the Heavens; and to ſhew the Uſe or Of- 


fice to which each of them is appropriate. 


Now, A Material Sphere or Globe, is an artificial repreſentation of the Cc- 
| leſtial and Terreſtrial parts of the World, under the name of two Globes, 
viz, Celeſtial and Terreſtrial. + 


| Upon the Celeſtial Globe is depindted the ſeveral Conſte!lations of the fixed Stars, and 

alſo thoſe informis, the Via Laftea, &c. in their true poſitions and fituations in reſpe&t | 
of Longuunde, Latitude, Right Aſcenſion and Declination, as they are poſited in the Heavens. | 

Upon the Terreſtrial Globe is deſcribed all the Countries, or Parts of the known World, 

with all the Capes, Headlands, Coaſts, Deſarts, Iſlands, Penimſulas, Bays, Seas, Creeks, 

Rivers, and whatſoever elſe hath bezn by the induſtry of heroick Navigator: dilco- 

yered 1n any part of the World, and theſe are allo fer upon the Terreſtrial Globe (as 
the Srars were upon the Celeftia! ) according to their true fituation in reſpe& of Lon 

gitude and Latitnde, 
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CHAP. Il. Oe 
Of the CTR CLES of the Sphere or Globe... 


ESIDES the Conſtellations upon the Celeſtial, and the Countries and Seas upon the 
B Terreſtrial Globes, there are upon either Globle deſcribed ſeveral Circles (the which 
Circles muſt be imagined to be in the Heavens really) and the principal of them are 
in number Ten ; of which ſome are great Circ/es and fome ſmall, | 

The number of the great Circles are Six, and the number of the /ma!l Circles are 
Four. : By | 
A great Circle is ſuch a Circle as doth divide the body of the G7ube or Sphere into two 
equal parts. | | 
* ſmall Circle is that which divideth the Body of the Sphere or Globe into two unequal 


ts 

hal belides theſe Six principal great Circles, and the Fuur ſmaller Circles, there are 
divers other Circles both great and ſmall which are leſs material than the other Ten; as 
alſo, ſeveral Lines and Pomts upon (or imagined fo to be) the Globe, as the Rumbs, 
the Axis, the Poles, the Zenith, the Nadir, &*c. all which ( in their proper places ) as 
well as the Ter beforementioned, ſhall be deſcribed, and the Ules to which each 1s ap- 
wopriate, plainly declared. | 

| The Six great Circles are, 


I L... —_ 4 The Zaodiack. 
2 "The Meridian. 5 
3 The Equino&tal. 5oThe two Colures. 


The Four le{jer Circles are, 


1 The Tropick of Cancer, or the Northern Tropick: 
2 The Tropick of Capricorn, or the Southern Tropick. 
3 TheCircle Artick, encompaſiing the North Pole. 

4 The Antartick Circle encompathng the South Pole. 


CH AF. 


Of theſe ſeveral Circles, Lines, and Points deſcribed 
upon the Globe, and to what Uſe or Ulcs each of 


them ſerve. 


F the Six great Circles of the Sphere, Four of them are deſcribed upon the Super- 

ficres ot the Globe, but two of them are appendant to the Globe, and thole arc 

1 The Horizon. 2 The Meridian. 

Circles, indeed, they are not (as the learned Gregory expreſleth) to ſpeak properly, be- 
cauſe in a ſtrict ſenſe, no Line is ſuppoſed to have any breadth, whereas both theſe, 
v8, the Meridian and Horizon have breadch allowed them, fo that ſuch things nigh 
written or engraven upon them as might render them more uſetul, the Globes 
within them being in any Poſition ; and therefore, they being of a Circular form 


| (norwithſtanding the 1impropriety of the Speech ) Ule will have it ſo; and we mult 


call them the Meridgan and Horizontal Circles. 
Wm. Of che HO RIZ O N, 


The 7orizon 1s a great Circle appendant to the Globe in which the Meridian is 
placed, and conſequently the whole body of the Globe is moved, or may be ſer ro any 
polition : This 15 a great Circle dividing the vifble part of the Heavens from the nor 
wiible ; that 15, the lower Hemiſphere from the higher. As, ſuppoſe you were at Sea, 
or upon a high Fbll upon the Land, and looking round about you, you imagin that 


ne 
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the Sky and Water, or the Sky and Earth did meet and touch each other : Now this 
Line of ſeparation of the Sky and Water, or Sky and Earth 13 the viſible Horizon, and 
ſuch a Circle is imagined to be in the Heavens. 


Fig. ]. and IL 


This Circle is repreſented in the Figures by the broad Frame or Circle noted with 
H A O, which divideth the Globe into ewo Hemiſpheres, namely the upper or viſible 
Hemiſphere A Z O, which we ſee, from the under or nvitible Hemiſphere H NO, 


which we ſee not. | 
To what Uſes doth this Circle ſerve ? 


1. When the Sun, Moon, or any other fixed Star or Planet cometh to touch this Cir- 
cle on the Eaſt ſide thereof, the Sun, Moon, or Star, 15 then {aid to riſe, or begin to 
appear. And on the contrary, when the Sun, Moon, or any Star cometh to touch 
this Circle on the Weſt part thereof, it 15 then ſaid to ſer. | 

2. By this Circle the increaſe and decreaſe of the Days and Nights are limited. For if 
the Sun, Moen, or a Star doth riſe between the Points H and A, it will continue above 
the Horizon leſs than 12 hours: If it riſe juſt at the Point A, it will continue juſt 12 
hours above the Horizon: And if it riſe between the Points A and O, it will continue 
more than 12 hours above the Horizon. 

3. By this Circle 1s diſcovered at what time the Sum, Moon, or any fixed Star or 
Planet Joth riſe or ſet: For that hour Circle upon the Globe which toucheth the Ho- 
rizon in that Point where the Su» or Star riſeth, is the hour at which the Sun or Star 
ri{eth. 

= The Amplitude, or Point of the Compaſs, upon which the Sun, Moon, or Star 
 riſeth and /etreth 15 diſcovered ; for if they riſe between H and A, they riſe between 
the Eaſt and the South, and ſet between the Weſt and the Sourb : But if 1t riſe between 
Aand O, it riſeth between the Eaſt and the North, and ſetteth between the Weſt and the 
Norch. Bur if it riſe juſt in A, it r:ſerb due Eaſt and ſetterb due Weſt. 


What Lines are deſcribed upon this borizomtal Frame or Circle. 


1. On the outer Verge thereof, between two Circles, it is divided into 32 equal 
parts, in which are written the Names of the 32 Rumbs or Points of the Marimers Com- 
paſs, and placed in their reſpe&ive places, an{werable to their places in the Heavens. 

2. Within this Circle 1s a Kalendar or Almanack, ſhewing the day of the Month, the 
day of the Week, and the fixed Feafts for ever. 

3- The innermoſt Verge is divided into 12 equal parts, and in them is placed the 12 
Signs of the Zodiack, ani{werable to the time of the year in which the Sun cometh to 
be 1n that Sign and Degree. 


$. II. Of te MERIDIAN. 


This is the ſecond great Circle which is appendant to the Globe, and it is made 
of Braſs, amd in it the body of the Globe hangeth : This alo is a great Circle, and pal- 
ſeth through Z the Zenith, and N the Nadir Points, and through Þ the North Pole, 
and S the South Poles of the World: Alſo it divideth the Horizon into two equal parts 
in the H South, and O the North Point thereof. | 

This Circle is repreſented in the Figures by ZPO4NSHE. 


Unto what Uſes doth this Circle ſerve? 


I. By it the Globe is ſet in the Horizon to any Longirude, or place of the World. 

2. To this Circle, when the Sun, Moon, or any Star cometh, it is ſaid to be up- 
on the Meridian, or at the higheſt it can be that Day or Night ; fo that when the Sus 
riſeth towards the Ezft in the Morning, it aſcendeth higher and higher, till ic cometh 
to this Circle, and then it 1s Noomtide or Noon, after which it deicendeth lower and 
lower, till it ſet in the Weſt part of the Horizon. 

3- The Sun, or a known Star being upon this Circle, and the Altitude thereof then 
obſerved, is one of the beſt and moſt uſual ways for a Seaman to find in what La- 
tude he 1s, as ſhall be ſhewed in its due place. 


4. The 
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The Point Z in this Circle is the Zenith Point in the Heavens, and is that Pointe 
:n the Heavens, which 1s directly over your head, in what part of the World foever 
you are. AndN 15 the Nadir, or Point directly under your feet, and 1s oppoſtte to 

the Zenith. | 

» 5. In the two Points P andS are placed the ends of two Wires, which paſs through 
the whole body of the Globe, which Wire is called the Axis of the World, and the ewo 
Points Þ and S, through which the Wire paſſeth, are the two Poles of the World, P the 
Nurth Pole, and S the South Pole, 


Of the Graduations br Diviſions that are upon this Brazen Meridian. 


It is divided into 4 equal parts in the Points A, P, £,S, each of which parts or quar- 
ters is divided into go equal parts or degrees, and numbred from A and £ towards P 
the North Pole, by 10, 20, 3o, &c.togo; and allo from X and & towards S the Souch 
Pole, by 1c, 20, 39, Oc. to go at S. 


2. I. Of the EQYINOCTIAL 


The Fquine1al is a great Circle deſcribed upon the body of the Globe, dividing ic 
into ewo equal parts, and paſſerh through A, the Ea/# and et Points of the Horizon ; 
and alſo ut pailech chrough the Meridian in the Points A and £4, which Points are each 
ofthem equidiſtant trom P and S, the two Poles of the World, and fo the hine or Azx 
of the World P S, which paſleth through the body of the Globe, cutteth chus Circle ac 
Right Angles in the Point A. 

This Cuccle in the Figures 1s repreſented by the Line X A #2. 


To what Uſes doth this Circle ſerve ? 


1, Unto this Circle when the Sun cometh (which is twice every year, namely, about 
the 1oth. of March, and the 12th. of September) 1t maketh the Days and Nigbrs of 

ual length through the whole World ; for at thoſe times, the Sur riſes due Eaft, and 
Geak due Weſt, which at no other times of the year it doth, but riſes and ſers North- 
1 vwodot the Eaſt and Weſt Points, from the 10th. of March to the 12th. of September ; 
1 andSeurbward of the Eaft and Weſt, from the 12th. of September to the toth. of March. 

2. All ſuch Stars as have nodeclination, bur are fituate under this Circle, do always 
ile and ſer due Eaſt and Weſt, and are always 12 hours above the Horizon, and as 
1 manyunder the ſame. 
| 3- All the Inhabitants of the Earth chat live under this Circle (as thoſe of the 1/and 
1 of S. Thome, &c.) have their days and nights always equal 12 hours, and the Sun to 
them, when in this Circle, riſes and ſers due Eft and Weft, and at Noon the Sun is in 
their Zenith, or directly over their beads; fo that at that time there 1s no ſhadow of 
any upright thing to be ſeen. 


Of the Graduations or Diviſions of this Circle, 


1. It is divided into 24 equal Parts repreſenting the 24 hours of a Nature! day, 
through which Points of diviſion, and through either of che Poles P and S, there are 
drawn 12 Meridians or hour-Circles, and every of thele is divided into 15 equal degrees, 
ſo that the whole Circle is divided into 360 degrees (as all great Circles of the Sphere 
ze) beginning at A, and ſoon to go at <, andthen to180at A, and then on to 270 
a X, and then to 360 at A again. 


$. IV. Of the ZODIACKandECLIPTICK Circ. 


The Zodiack is a great Circle dividing the Globe into two equal parts in the Ez and 
#:f Points of the Horizon, and cutteth both che Horizon and Equinottial at oblique Angles, 
for it cuts the Horizon at an Angle equal to the Suns greateſt Meridien Altitude in any 
Latitude; And it cuts the Equino#ial always at an Angle equal to the Suns greateſt De- 
«mation, Through the muddle of this Circle (for this Circle 15 ſuppoled to have breadth) 
there paſſeth a Line, which is called the Ecl:prick, or Via Solis, for that the Sun in his 
motion never deviatech from this Line, though the other Planers do ſome more and . 
lome leſs, which is the reaſon that there is breadth attributed to ir. 


This 
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This Ecliptick Line or Circle is noted ia the Figures with & , and the Characters of 
the athers Signs upon the ſame in their proper places. : 
To what Uſes this Circle ſerves. 


——  —— — 


T. By it 15 found out the Suns Place. : 
2. It determins the four Quarters or Seaſons of the Year ; for while the Sun is between 


5 and A, it maketh Spring and Summer, and whule it 1s between A and Y, it maketh 
IWinter and Autumn. 

3. It determins the Suns Declination from the Equinc&ial : For while the Sun is mov- 
ing from A, towards S» 1t hath North Declimation increaling : While it 15 paſling from 
S to A, it hath North Declmation decreaſing: Whule it is moving from A towards w, 
it hath South Declmation 1ncrealing: And while paſling from Y to A, it hath Sourh De. 


clination decreafing. | : 
4. From this Circle the Latitudes of the Planets are counted, &c. 


Of the Graduations or Diviſions of this Circle. 


It is divided into 4 equal parts, by the interſections of it with the Equine&#ial and 
Meridians, and each of theſe Quarters is divided into three Signs of the Zodiack, and 
each of thoſe Signs into 30 degrees, in all 360 degrees, as the Equine#ial was : It hath 
the Six Northern Signs Y & Z S $% "7 characterd upon the upper half towards P 
the North Pole, and the Six Southern Signs = m + W x X on the lower half to- 
wards S the South Pole. | 

This Ecliptick Curcle hath two Poles, in which, as all the Meridians or Hour-Circles 
deſcribed upon the Globe, do.meet in the Poles of the World ; lo all the Circles of Lon- 
gitude, drawn through the 12 Signs of the Zodiack, do meet in the Poles of the Eclip- 
tick, each Pole of the Ecliptick berng diſtant from his correſpondent Pele of the World 
22 deg. 30. min. and one1s call'd the Nerth, the other the South Pole, according totheir 
poſition 1n reſpect of the Poles of the World. | 

In the Figures theſe two Poles are noted with C the Nerth, and G the South Pole. 
Alſo in the Figures I have deſcribed only one Circle of Longitude, which cutreth, or 

; paſſeth chrough the Echiprick in the Points Þ and #, as is the Circle C &# G. 


S. V. and VI. of the Iwo COLURES. 


Theſe are, two great Circles of the Sphere, and do pals through rhe Poles of the 
World, and there do cut each other at right Angles, The one of thele Colwres cutteth 
the Horizon 1n the Point A, and the Equino#1al Circle allo in the Points Y and =, and 
therefore is called the Equine&ial Colure. The other cutteth the Horizon in the Points 
H and O, and the Ecliprick Circle in the Points © and W, and is therefore called the 
Soltticial Colare, the Sun then being art its greateſt diſtance Northward or Southward. 

In the Figures the Equinetial Colure is noted withP A S, and 15 the ſame with the 
Axis of the World. The Solſtic:al Colure is noted with HP OS and 1s the ſame with 


the Meridian Cucle. 
Unto what Uſes theſe Circles ſerve. 


1. When the Sun 1s in that Sign or Point of the Ecliptick which meeteth with the F- 
quinottial Colure, which is in the firſt Scruple of ' or =x, then are the Days and Nights 
equal all the World over : But when the Sun cometh to thole Points ot the Ecliprick 
which are cut off the Sulticia! Colure ( which are in the beginning of © and WY ) then 
the Sun being S, 1t maketh the /ongeſt Day to all the Northern, and the ſhorteſ# Day to 
all Southern Inhabitants of the World : And being 1n WY, it maketh the ſhorteſt Day to 
the Northern, and the longeſt to the Southern Inhabitants. 

- 2, Upon thele Circles the Suns Declination is counted. _. 

3. Theſe two Colures repreſent the 4 Cardinal Pommts of Heaven, wiz. The Solfticial 
Colure reprelenteth the Meridian, or North and Sourh: And the EquinoFial Colure Or 
Prime Vertical Circle, the Points of Eaſt and Welt. 
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Of the Four leſſer Circles of the Sphere. 
6. VII. Of the Tropick f C ANCE R. 


The Tropick of Cancer is a leſſer Circle, drawn upon the Supertiges of the Globe, 
paralle] to, or equiditanr in all places from the Equine@ial, on the North fide thereof, 
at 23 deg, 31 min. diſtant therefrom, which 1s equal to the Swrs greateſt declination, 
and alſo to the obliquity of the I. Lime. This Tropick is called the Northern Tro- 

-&, for that it lyech on the North tide of the Equinodial towards the Nerth Pole, I is 
noted in the Figures with <5 6 &. 


6. VIiI. Of the Tropick of CAPRICORN. 


The Tropick of Capricorn is a leſſer Circle, drawn on the Superficies of che Globe, pa- 
rallel to the Equinottial on the South fide thereof, towards the Sourh Pole, at the ſame 
diſtance of 23 deg. 31 min. as the Tropick of Cancer was on the North fide. This Tro- 
pick is called the Southern Tropick, becaufe it heth on the Sourh fide of the Equinottial to- 
wards S, the South Pole. Ir 1s noted 1n the Figures with vy 6 w. 


To what Uſes do theſe two Circles ſerve ? 


1. They bound and limit the Sunf Carrſe; for the Sun in his paſling through the 
Signs of the Zodiack, never exceedeth theſe bounds or Limits; hoe the Sun being 1n 
Aries, he aſcends upwards to Tawrzs and Gemins, and {o to Cancer, making the Spring 
Yuerter, and being then at his higheſt, he deſcends downwards from Cancer to Leo an 
Voge, and fo to Libre, making the Summer Luarter. And having thus made his 
through the Six Northern Signs, he begins totake his journey Southwards ; So 
ng in Z:br.., he deſcends downwards to Scorpio and Sapgirrarius, and fo to Capricorn, 
where he 1s at his greateſt remotion from the Equino#ial Scuthward, in which progrels 
he maketh the Aurumma! Quarter; then returning back from Capricorn to _ and 


Piſces, he returns to Aries again, where he began ; and 1n this laſt progreſs from Capri- 
car to Aries, he createth the Hyemmal or Wimmer Quarter, 
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Thus doth bright Sol, by certaan Circuiting, 
Make Winter, Autumn, Summer, «vd the Spring. 


$. IX. and X. Of the ARTICKand ANTARTIG A Circles. 


Theſe are two {mall Circles drawn about the Poles of the World, paralle] or equi- 
diſtant to the Equine#1al and Tropecks; and the Circle Artick 1s fo far | —r— from the 
Nath Pole P, as the Tropick of Cancer is from the EquineGial, and the Antartick 15 
at the ſame diſtance from the South Pole. The Aruck Curcle is noted in the Figure 
wthB 6 C, and the Antartick with G 6 F. 


To what Uſes do theſe Circles ſerve ? 


1. In theſe two Circles are the two Poles of the Ecliprick, from whence, towards 
ether of thele Poles, the Latitude of the Planets and Fixed Stars are counced. 


2. They do limit and ſeparate the Frig:d Zone from the Temperate Zone, for all that 


ſpace between 
Artick Circle North : North *S 
The Þ and che { Qoort © Pole is the Þ YO © Frigid Zone 


| Allthe ſpace between the two Tropicks comprehends the two Torrid Zones, and all the 
Ipace between 


Tropick of 95 1. F Artick JO North | 
The dro 5 Ia and they ,' cn. (Circle 1s che Norm Cromperare Zone. 
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C H A P. TV. 
Of ſome other Circles of the Sphere neceſſary to be known. 


HESE forementioned are the Ten Principal Circles of which a Material Sphere 
# þ or Globe is compoſed: There are other Circles, which are not deſcribed actually 
upon the Globe, bur are ſupplied by other means, with which Circles the Reader ought 
to be acquainted ; and although they are not deſcribed upon the Material Sphere, yet 
they are in the Projection of the Sphere in Plano; and they are principally theſe Four 
of which Four, Two are great Circles, and Two are ſmal. , 


-_ 


T. Meridians, or Hour Circles &G Su 

I. Azimuths, or Vertical Circles _ 

TH. Almicanthars, or Circles or Parallels of Altitude j Leſl 
IV. Circles, or Parallels of the Suns or Stars Declmation. . 


Ot theſe feverally. 
f. T. Of Meridians, or HO@W RCIRCLES. , 


Hour-Circles are great Circles of the Sphere, meeting ay in the Poles 
of the World, and crofling the Equine&#ial at Right Angles, dividing 1t at every 
15th. degree, -and then every one of theſe Diviſions, is one Hour ; for 24 times 15, is 
360, the quantity of Degrees in every Circle. But if theſe Howr-Cireles paſs through 
other parts of the Equize&:al, dividing it uncqually, then do thoſe Howr-Cireles repre- 
ſent unequal ſpaces of time, according as they are diſtant from the Fir/ ( or General ) 
Meridian. Of thele Meridians or Hour-Circles, there are two deſcribed 1n the Proje. 
&ion, Figure FI. The one cutting the Equino#ial at 3 hours diſtance trom the General 
Meridian (which therefore repreſents the Howr-Circle of 9 or 3 of the Clock), and it is 
noted with ÞP 3 S. - The other Hour-Circle is drawn through the Point where the | 
Tropick of Cancer cuts the Horizon, at which place the Sun r;ſeth when he is 1n Cancer, | 
_ this Meridian or Howr-Circle is noted in the Figure with POS. | 


$. Il. Of AZIMUTHS, or VERTICAL Circles. | 


Azimuths,*or Vertical-Circles, are great Circles of the Sphere, meeting ! 
together in the Zemth and Nadir Points, as the Hour-Circles did in the Poles of the |, 
World, and theſe Azimuths do cut the Horizon at Right Angles, as the Meridians 
or Hour-Circles d1d the Equino#ia!. In the Projedtion Figure II. there are ewo of theſe 

drawn, the one crofling the Equinottial where the Heur-Circle of 3 did cut it, and 
falleth upon the Horizon at R, and is noted with 7 R N. The other cutteth the 

Horizon 1n D, and is noted with Z D N. 


6. 1MIL. Of ALMICANTAHARS, or Cirdes of ALTITUDE. 


_  Almicanthars, alſo called Circles, or Parcllels of Altitude, are leſſer 
| Circles of the Sphere, and are drawn parallel to the Horizov. Thele Parallels are 
bi drawn from the Herizcn (and parallel thereto) through every degree of the Me- 
ridian, up to the Zenith Point. By thele Almicanthars are'meaſured the Altitude or | 
Height of the Sun, Moon, or Stars; in the Figure there 1s only one of them 
drawn, and that 1s at 18 deg. of the Meridian above 'the Horizon , and it palles 
through the Point of interſe&ion of the Azimuth Circle Z, 3 N, and the Hour-Circle 
P3S, in the Point 3, it is repreſented in the Figure by the Circles C 3 E, it 1 
drawn through the 15th. deg. of the Meridian counted from the Horizon; And 
when the Sun, Moon, a Star, or Planet, comes to be upon any part of this Circle, 

X it 1s {aid to be 18 deg. high, or 18 deg. above rhe Yo2130n, 


. -l $. IV. Of Circles or Parallels of DECLINATION. 
Theſe Parallels of HDeclination, ( for fo they are moſt commonly 


called ) are leſſer Circles of the Sphere, and are drawn parallel to the _ 
nota 


far 1. Practical ASTRONOMY 363 


| | —giel on both ſides thereof through every degree of the Meridian, as the Parallels of 


Altitude were from the Horizon. Thoſe Parallels that lie on the North fide of the 
1 | Fquinodtial, towards P the North Pole, are called Parallels of North Declination, and 
1 | they do croſs the Ecliprick through the ſ1x Northern Signs. "Thoſe Parallels that are 
| | drawn on the Scuth fide of the Equinottial, and towards S the Sourh Pole, thele croſs 
| the other half of the Ecliprick (under the Horizon) 1n the {1x Southern Signs ; and 
theſe are called Parallels of South Declination. Thele Parallels (lo far as they relate to 
| theCourſe or Motion of the Sun) need be drawn but only between the two Tropicks 
' - | (becauſe the Sun in his Courſe never exceedeth thoſe Bounds); but 1f they relate to the 
Stars, they may ther: be extended farther, even to P and S$, the North and South Poles, 
| In the Figure I have drawn only two of theſe; one on the North fide, at 11 deg: 
30min. from the Equino#ial; and the other on the Sexrb {ide thereof, at 20 degrees 
diſtance therefrom. The Northern Parallel is repreſented by the Curcle F G; and the 
Suthern Parallel by C M; and when the Sun is 1n that degree of the Ecliprick, which 
the Parallel of Declination crofleth; as at Q, the Sun is then ſaid to have 11 deg. 3o m. 
of North Declimation : And when the Sun is in that point of the Ezl:prick which the 
Southern Parallel of Declimation cutteth (which is at F,) the Sun (or a Star there) is ſaid 

to have 20 deg. of South Declinaticn. 


op 
Some other Terms here neceſſary to be explained. 


The Latitude of a Place is an Arch of the Meridian, intercepted between the 
inerſe&tion of the Meridian with the Horizon, and the Poles of the World; fo in the 
Figure, the Meridian and Horizon inter{e& each other in the North Point of the Hori- 
z-n at O, and P the North Pole is diſtant from O 5 1 deg. 3o man. and that is the Lari- 
tude ro which the Globe or Sphere 15 here elevated, which is to the Latitude of London. 

The Latitude of a Star, 1s its diſtance from the Ecliptick in any Parallel there- 
from, either Northward or Southward. | 

The Longitude of a Place o2 Countrp, is the diſtance ( counted upon the 
EquinoFial Circle  ) of the Meridian which paſleth over the Country whole Longitude 
s required, and the Firſ# or General Meridian, which the Ancients counted from the 
land of Azores: but, indeed, the ns" 4 may begin at any place, and fo it is beſt 
| to account by the difference of Longitude, of two Places; as in the Figure. Let one 
| Place or Country be at F, and let another Place or Country be at T; The General Me- 
dun P Z F XS, palſleth over the Place at F, and cuts the Equino#:al at Z. The 
| Meridian P 3 S paſſeth over the other Place at T, and cuts the Equime#ial at 3; fo 
f that /E 3 is the difference of Longitude between the two Places F and T, which is 45 
deg. or Three bours of Time. 

The Longitude of a Star, is the Stars diſtance, or place in the Ecliprick, count- 
ed from the beginning of Aries; as if a Srar be in the beginning of Taxrus, that is 
one Sign, or 3o deg. from Aries, and that is the Stars Longitude. 

The Amplitude of the Sun or a Star, it is that Arch or Portion of the Horizon, which 
s contained between the Eaſt Point of the Horizon, and that Point of the Horizon where 
the Sun or Star riſes 3 as inthe Figure : The diſtance between @©, the place where the 
un is riſomg in the Horizon and Y, is the Amplitude or. diſtence of the Suns riſing from 
the true Eaſt Point Y , towards the North. Allo if a Star were rifing at R his Amplitude 
s R y ſouthward of the Eaſt. 

The Right Aſcenſion of the Sun or of a Star, 15 that part of the Equined#ial that 
rieth or ſetteth with that Star in a Right Sphere: But in an Oblique Sphere (that is, in 
any Latitude where the Axis of the World cutteth the Horizon at Oblique Angles) Bight 
Aſcenſion is then that Portion (or Arch ) of the Equinedial contained between the 

beginning of Aries, and: that part of the Equino#ial which cometh to the Meridian 

Wh that Star. 
|. The Oblique Alcenſion is that part of the Equino#ial, contained between the 

beinning of Aries, and that part of the Equino&:al that riſes with the Star. 
| oy Alcenſional Differcnce is the Difference between the Right and Oblzque 4/- 
| cenſion, 

; The Zenith is the Pole of the Horizon, and is an imaginary Point in the Heavens 
| aſt over our heads, in what part of the World foever we are, and it is 9o degrees 
nt from the Horizon round about. 

The Nadir is an imaginary Point juſt under our feet, as the Zenith is over our 
teads ; {o that if a right Line were drawn (or extended) from the Zenith to che Nadsr, 
t would paſs dire&ly through the Centre of on Kew ( or Globe). $ 

: 2 S$. V. 
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6. V. Of ſome other things appendant unto a Material Globe, beſides the 
Meridian aud Horizon. | 


Beſides the forementioned Meridian and Horizon there are other parts which muſt 
be applyed to, and uſed with the Globes, before any Problems can be wrought or per- 
formed by them ; as principally theſe, 1. The Hour Circle and Index. 2. The Qua- 
drant of Altitude: 

I. Of the Hour Circle and its Index. 

. Upon the Bre/s Meridian of every Globe 15 farted a ſmall Braſs Circle, whoſe Centre 
is the Pole of the Globe, which is divided into 24 equal parts, repreſenting the hours 
of the Day and Night, which in the revolution or turning of the Globe about, is pointed 
to by an Index, which is fixed to the Axis of the Globe. 

II. Of the Quadrant of Aliitude. 

There is another appendant relating to the Braſs Meridian, called the Luadrant of 
Altitade, which is a thin Plate of Braſs, divided into go equal parts or Degrees, which 
is fitted with a Nut and Screw, to be moved to any degree upon the Braſs Meridian, 
and there to be fixed. | 

To ſome Globes, when deſired, there 1s added a Circle of Poſition, and a Box and 
Needle fixed to the foot of the Horizon, but theſe are not uſual. 


CHAP. Y. 


Of the ſeveral Poſitions that a Globe or 
Sphere may be poſited in. 


T HERE are but Three Poſitions in which a Sphere or Globe can be ſeated in its 
Horizon, viz. Dire, Parallel, or Oblique ; of which, the two firſt, are Partice- 
lar, and the third more General. 


6. I. Of a Dire SPHERE. 


; Fig. III. 


The Globe may be ſo placed in the Frame of the Horizc», that both the Poles 
thereof may reſt upon ( or lye direly in) the North and South Points of the Hori- 
zontal Circle, neither Pole having any Elevation, the Zenith-Point being in the Equi- 
»otial Circle, and the Axis of the World direly in the plain of the Horizon; and fo 
the People living under that Circle have no Latitude, the Pole having no Elevation. 

The Globe or Sphere being in this poſition, is ſaid to be in a Dire&# poſition, the 
Zenith being dire&ly in the Equine#ial Circle, and the Poles of the World direQly in 
the North and South Points of the Horizon : and this dire& poſition of the Sphere is 
rung to thoſe who live under the Equinedtial, who have one benefic and privi- 
edge above all the Inhabitants of the World belides, for that they can ee both the 
Poles, and behold all the Stars (in both Hemiſpheres) to riſe, culminate, and /cr. 


$. IL Of a Parallel SPHERE. 


Fig. IV. 


The Globe may be ſo placed in the Frame of the Horizon, that one of the Poly 
ſhall be in the Zenith, and the other in the Nadir-Points; that is, either Pole ſhall 
be go deg. (or one quarter of a Circle) diſtant from the Horizon on either fide there- 
of; and in this poſition will the Equino#ial Circle be in the Horizon, and the Axs 
of the World will cut both the Equinodial and the Horizon at Right-Angles: One 
Pole having 99 deg. of Elevation, and the other as much of Depreflion. 

The Globe or Sphere being in this poſition, 15 ſaid to be Paralle!; becauſe the Equi- 
noctial, and all the Circles of Declination, ( which now are Circles of Altizude allo ) 
and the Axis of the World it ſelf, do lie all of them Parallel to the Horizoy. And 
thoſe People (it any be) that inhabit theſe parts of the World, ſee only thoſe _ 

that 
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that arc between the Equimodial and the Elevated Pole ; that is, if the Sourh-Pole be 
elevated, they ſee the Southern ; and if the North Pole be clevared, chey fee the Nor- 
\hern Con#tellation only. And thoſs People have but one day and one night in the 
whole year, and thoſe moſt miſerable cold, not to be imagined : For the Sun, at his 
higheſt, never extendeth to 24. degrees of Altitude ; which is no more than it is wich 
1s1n Londen at Noon upon the 14 or 15 of Februery, And this polition of the Sphere 
is particular to theſe Inhabitants only. 


6. IL. Of an Oblique SPHERE. 


Fig. V. 


The third (and moſt uſi2l) poſition of the Sphere or Globe 1s more general; for it 
hath relation to all People living between the EqumeB#ial and either of the Poles : and 
according as the Poles of the Glube are elevated or depreſſed, accordingly are the 
People ſri to he {ituate: Thus, if the Globe be placed in the Frame of the Horizon, 
ſo that the Pole be elevated 19 deg. above the Horizon, then is the Globe elevated or 
feted to reſolve ſuch Queſtions or Problems Aſtronemical as relate to thoke People who 
(have the Pole elevated, or) do live in the Latitude of 10. degrees. TT, 

This poſition of the Glibe or Sphere 15 called Oblique, becauſe the Axi of the World, 
the Equinottial, and all the reſt of the Parallels of Declination, are cut by the Horizon 
at Oblique Angles; whereas, in the two former poſitions they cut one the orher at Righe 


Angles, Now the People which live in theſe middle Latitudes, (I mean berween the 


frick and Antartick Circles) which (yet to our knowledg) 1s the moſt habitable part 
of the World, do ſee Stars both of the Northern and Southern Hemiſpheres; but yer 
they ſee not all the Stars in either Hemiſphere. For in any Oblique Laritnde, the 
Inhabitants ſee, and may obſerve all ſuch Stars that are of the contrary Hemiſphere 
to them, whoſe declinations are lefſer than the complement of their Latitude ; and all 
thole Stars of the contrary Hemiſphere, whole declination 1s greater than the com- 


pement of their Latitude they never ſee ; for they never aſcend above their Horizon : 


and on the contrary, thoſe Stars of their own Henuſphere whoſe declinations exceed 
the complement of their Latitude, do never fer, but are continually above their Ho- 
120n. 
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CHAP. Wh 


How to rettifie the GLOBE, fitting it for Uſe m 
any Latitude or Place of the Iorld. 


EING provided of a pair of Glebes, the Meridian, Horizon, and Hour-Circle truly 
turned and divided ; alſo the Ball truly hung, andthe Meridian and Horizon (in 
all pofitions) cutting each other at Right Angles, the Papers cruly joyned in their paſt- 
ng, &*c, all which are to be pertormed by the Workman, (though the Buyer ought 
allo to have inſpeRion thereinto ) you!may proceed to re&ifie them inthis manner. 
i. Pur the Braſs-Meridian into two Notches that are in the North and South parts 
of the Horizon ; the graduatcd or divided part thereof towards the Eaſt Point, and 
the blank or plain fide of the Meridian towards the Weſt Point of th@®Horizon; and 
kt the Meridian reſt in the Notch which is'in the foot or bottom of the Horizon. 
2. Place the Hour-Wheel about the Pole, fo that the Hour-Lines of 12 and 12 do 
edirecly over the Eaſt or Graduated fide of the Meridian, and that the point of the 
xs do paſs directly through the Centre of the Hour-Circle ; fo ſhall the rwo Twelves, 
one of them repreſent 12 at Noon, and the other 12 at Midnighty and the two Sixes, 
the one 6 in the Morning, and the other 6 ac Night. Then pur the little Index 
or Pointer upon the Axis, ſo that it may move as you turn the Globe about; and 
1s your Hour-wheel rectihed. | 
3. Elevace the Pole of your Globe (whether the North or Sowh-Pole) according 
o the Latitude of that part of the World you are in: as for Example, for London, 
bholg Latitude is 51 deg. 39 min. North; the Meridian being in the Notches of the 
Horrzon, and allo in that in the foot of the Frame, as is betore direted, move the 
Meridian 
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| Meridian up or down in the Notches, till you find 51 deg. 39 min. of the Meridian 
juſtly to touch the upper part of the North-part of the Horizon; tor then is your 
Globe ſer exactly to the Latitude of 51 deg. 30m.  _ 

4 For the re&ifying of the Quadrant of Altitude, this alſo muſt have re{pe& to the 
Latitude : Wherefore, the Latitude being 51 deg. 30 min. count F1 deg. 30 min. upon 
the South-part of the Meridian, from the Equunoctial-Circle cowards the North (or 
elevated.) Pole; and put on the Nut which is at the end of the Quadranc, to that 

the edge of the diviſions of the Quadrant may he dire&tly under the degrees of the 
Latitude, wiz. under 51 deg. 30 min. and then ſcrew the Nut faſt; and fo is the Qua- 
drant of Altitude rectified alſo. And theſe are the four principal things that are to 
be rectified, for the reſolving of moſt Problems in Aſtronomy, &c. of which theſe 


following are the chict. 


———————— 


CH A P. VIL 
ASTRONOMICAL PROBLEMS. 
| PR oO 8B. I. | 


The day of the Month known, either according to the Julan or Gregorian 
| Account, to find the Sun's place in the Ecliptick. 


S EEK the day of the Month ( in either Account ) according as you find them 
placed in the Kalendar, and righe againſt ic, in the innermoſt Cucle nexe to it, 


you ſhall have the degree and minute in which the Sn ſhall be that day at noon. 
EXAMPLE. | 


© Let the day propoſed be the 18. of Ofober' (in the Fulian, or the 28. of Ofteber in 

the Gregorian Account) which 1s S. Luke's day: Find this Month and Day in the Ka- 
lendar, and right againſt it ( in the innermoſt Circle ) you ſhall find 5 deg. 32 min. 
of Scorpie, in which Sign and Degree the Sun will be upon that 18 or 28 of Odober. 

In like manner, upon the 24. of April (Fulian) orthe 4. of May (Gregorian) (which 

is all one day) the Sun will be found to be in 14 deg. 32 min. of Taurw. And fo of 

any other day, as in the following Table, which ſheweth, that upon 


| Jul. Greg. d. m. 
Fanuery 7 17} (28 91 Capricorn W 
February 12 22 | 4s 35 Piſces X 
March 23 April 3 | The Sun's Place|13 23 | Aries Y 
May 16 26 p at Noon will bes 5 39 SGemini Ik 
Fuly 27 Aug. 6| in 14 16 | Leo ar 
—_— 2 I3 | | 21 o|V/wgo Wa 
ovember F I5 3, C23 41J Scorpio m 


PRoOs8. I]. 


By knowing Place of the Sun is the Ecliptick, the day of the Month in 
| either of the Accounts may be obtained: As followeth. 


C EEK the Sign, Degree, and Minute in which the Sun 1s, in the innermoſt Cir- 
cle okthe Horizon ; and right againſt it, you ſhall have the day of the Month 1n 
both Accounts. | 

/ EXAMPLE. 


Let the Swn be in 24 deg, of Gemini; look in the innermoſt Circle for the ſign 
| Gemini, and againſt , in « 4 Kalendar you ſhall find the 4. of Fwne (Fulian) ort 
p 14. of Fune (Gregorian Account) which is the day of the Month. 
In like manner, when the Sun is in 14 deg. 53 min. of Capricorn, the day of the 
Month will be found the 25. of December ( Fulian ) or the 4. of Fanuary (Gregorian 
Account). , 
The 
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Part I. Aſtronomical PROBLEMS: 167 


The Latitude (51 deg. 3o min.) and the Sun's place in the Eclp- 
tick ( viz.in 29 of Taurus ) being given, to find 


PRO B. II. 
r. The Sun's Declinatzion. 


Defint-JHE Sun's Declination ws an Arch of the Meridian, comprebended between the 
tion | Equinoftial Circle, and that point of Ecliptick im which the Sun is. 

Pratfice.)] Look tor the 29 deg. of Taurws in the Ecliptick-Line of the Celeſtial Globe, 
2nd bring that Point to the Braſs-Meridian ; then ſhall the degrees of the Meridian 
contained between the Equinoctial and this Point, be 20. So that the Declination 
of the Sn 15 in a Northern Sign. / 

In likes manner, 

deg. min. deg, min. 


16 00 V 6.4 £88 46 North. 
When the Jz5 00 m Te = I oF South. 
Sun 15 in Y29 09 = nd I1 52 South. 
13 09 a) 9g North. 

PR oO.-B, IV. 


2. The Sun's Awplitude. 


Defini- HE Amplitude, is an Arch of the Horizon rn, between the Eaft 

tion ] or Weſt points thereof, and that point upon which the Sun doth riſe or ſec. 

.- Prattice.)] Bring 29 deg. of Taxrus to the Horizon, and there you ſhall find 33 deg. 
20 min. to be contained between that, and the Eaſt or Weſt-point of the Horizon, 
towards the North, becauſe the Sun 15 1n a Northern fign, that 15 very near the North- 
Eaſt by Eaſt point of the Compaſs, as appears by the points of the Compaſs upon 
the Horizon : And that is the Amplitude for that day. 

And in hke manner, | 
deg. min. | deg. min, 
i6 oo NR) The Suns Ampli-c20 28 ANorthward. 
When © }25 oo  m{({_ tudewill be from J31 41 Southward. 
5 in YJ29 00 ( the Eaſt or Welt Y19 17 Southward. 
13 09 Y) found 7 34 Northward 


Pa©OB. 
3. The Sun's Right Aſcenſion. 


Defhini- FH E Right Aſcenſion of the Sun or of a Star, « that Arch of the Equinofial 
tion ] which is Contained between the beginning of Aries, and that point of the E- 
quinottial which comes to the Meridian, with that point of the Ecliptick in which the Sun 
or Star 15. ; | 

' Pratice.) Bring the 29 deg. of Taurus, or 20 deg. of North-Declination to the Me- 
ndian; fo ſhall you find ( upon the Equinodtial ) 55 deg. 46 min. to be contained 
between the beginning of Aries and the Meridian: And ſuch is the Sun's Right 
Aſcenſion when he 1s in 29 deg. of Tauras. | 


In ike manner. 
deg. min. deg. min. 
16 GO A » mD* 135 26 | 
When the)25 os mC yfonton earg23> 38 ; 
D 15in Y29 03 = | 330 51 
13 OG T” II 57 


PROB. 
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Px 0 8. VL. 
4- The Oblique Aſcenſion, 


Defini-"T" HE Oblique Aſcenſion of the Sun, or of a Star, u that Arch of the Equi- 
con ;l noftial which is comprebended beAwieen the beginning of Aries and that point 


of the Equinoial which comes to the Eaft-point of the Horizon, with that point of the Ecliy- 


tick in which the Sun or Star x. 7 
Prafice.] Bring 29 deg. of Taurss to the Eaſt-fide or ſemicircle of the Horizon, 


| then ſhall you find 20 deg. 39 min. of the EquinoRial to be contained between the 
| beginning of Aries and : Eaſt-point of the Horizon ; and that 1s the Oblique A. 
cenſion of the Sus or Star, it being in the 29 deg. of Tawras. 


In the ſame manner, 
| deg. min. deg. 


I6 OO St I17 10 
The Sun J2 5 09 zz( The Oblique Aſcenſhon Jz55 27 
being in Y29 oo m( will be found to be Y346 30 
13 00 V1 005 26 


PR oO B. VIL 
5. Zo find the Aſccnſional Difference. 


Defini-"F*HE difference of Aſcenſion is no other than the difference of = between 

cion] the Right and Obl:que Aſcenſion. Wherefore ſubſtrat the lefſer from the 
greater, and the remainder will be the Aſcenſional Difference, which will be found 
to be 27 deg. 14 min. Or, the Aſcenfional difference is that ſpace of time contained be- 
rween 6 of the clock either in the morning or the evening, and the time of the Sun's r1/- 
ing or ſating. Wherefore, 


PR OoB. VIII. 
6. To find the time of the Sun's Riſing axd Setting. 


range > @ wn. 29 deg. of Taurus to the Meridian, and ſet the Index of the Hour- 
wheel co 12 of the clock Southward : then turn the Body of the Globe 
Eaſtward, till 29 deg, of Tawrss touch the Eaſt-fide of the Horizon ; and then will 
the Index of the Hour-wheel point out 11 min. after 4 in the morning, at which time 
the Sus riſeth. And if you turn the Body of the Globe about Weſtward, till the 


29 deg. of Taurxs doth touch the Weſt-fide of the Horizon, then ſhall the Index of 
the Hour-circle point at 49 min. after 7 at night, at which time the Sus ſetteth. 


PR OB. IX. 
7. To find the Length of the Day and Night. 


Praifice JF JUrn the Globe aboue till 29 deg. of Taurus touch the Eaſt ſide of the 
Horizon; and then fet the Index- of che Hour-circle to. the North (ar 
undermoſt) 12. Then turn the Globe Weſtward, till 29 deg. of Taurw touch the 
Horizon on the Weſt-ſide, and then ſhall the Index of the Hour-wheel poine at 3 
hours 36 min. more than 12 hours. So that the day is then 15 hours and 3$ min. long. 
And if you count the hours between the North 12 and the Hour-Index, you ſha 
find them co be 8 hours and 22 min. which is the length of the night, che Sun being 
In 29 deg, of Tam. | : | 


And 


es. 4. dt. and add 


Part I. Aſtronomical PROBLEMS. 


| And o, 
A ſcenſ. Sun's Swn's length length 
diff. riſe. ſet. of day. of mphbr. 


deg. min. deg. m. h. m. h. m. m. h. m. 
16 oo M&M 21 12|4 35|7 25] 14*- go 9 12 
'The Sun J25 oo m you'll 215. LF 014: 17 & 34 | 15 28 
beinginY29 oo a( findYt5 02|7 oo |F5. 0o| 10 op [14 oo 
13 00 v). 6 zo\s5 34/16 26} 1% + fnx. £ 

PRO B. X. 


8. The Sun's Meridian Altitude, and his depreſſion at Midnight. 


from the Complement of the Latitude : For, 

Definit. ] It is an Arch of the Meridian, comprehended between the mterſeftion of 
the Meridian with the Horizon, and that part of the Meridian upon which the Sun is at 
Neon or Midnight. if ; 

PraZice. ] "Turn the Globe about, till the 29 deg. of Taurus be juſt under the Me- 
rician ; then ſhall you find the number of degrees of the Meridian which are com- 
prehended between that Point and the Horizon, to be 58 deg, 30 min. which is the 
Meridian- Altitude. And if you bring the 29 deg. of Scorpio, (which is:the oppoſite 

int of the Eclplick in which the Sun 15) to the Meridian, the number of the de- 
orees of the Meridian between that point and the Horizon, will be found to be 18 deg. 
30 min. which 1s the Swn's depreilion at midnight. 

In like manner, | 


TE may be effe&ed, by adding or ſubſtrating of the Sun's Declination to or 


eg. min. deg. min. deg. mm. 
bS 00-5 54 36 22 24 
You ſhall find 
When th eY2s 2 > the Meridian 7 of, 38 the J57 25 
Sun 15 1n 9 09 a( 11-1: 26 3 epreſ. Yso 22 
 <S:.'F 43 39 33 21 


PRoB. NI. 
9. #When the Twilight begins and ends. 


Defini-" T" HE Twilight beginneth when the Sun is 13 deg. below the Horizon before its 

tion ] riſing, and it endeth when the Sun comes to be 18 deg. below the Horizon af- 
ter its ſetting. | 

Prattice.] The Globe re&ifhed, and the Sun in 29d. of Taurns, find the oppoſite poine 
thereunto, which is the 29 deg. of Scerpio, and bring that point, as alſo the Quadrane 
of Altitude, both of them on the Weſt-t1de of the Meridian, and then move both 
the body of the Globe, and the Quadrant of Altitude alſo, till the 29 deg. of Scorpio 
le directly under 18 deg. of the Quadrant of Alutude : Which done, keep them both 
together, and then ſee how many hours the Index 15 removed from 12, which you ſhall 
find to be 1 hour and $ minutes. So that Twilight begins at $ min. after 3 in the morn- 
ng. And this being taken trom 4 ho. 11 min. the time of the Sun's Rifing that day, 


there will remain 3 ho. 3 min. which is the length or continuance of the Twilighs. 


Allo if vor double the time oft the beginning of Twilight i ho. $ min. you ſhall have 


the length of dark might, which will be but 2 ho. 16 nun. 

In like manner, 1t you would know when the Twilight endeth after Sur-ſetting, 
you mult bring the 29 deg. of Scerpio (the point oppotite to the Sun) on the Eatt tide 
of the Meridian, making 1t, and 1s deg. of the Quadrant of Altitude ro meet, then 
the Index will thew 10 hours 52 min and ll that time of night doth Twilight cont 
ne. And lo, 

deg. ho. m. bo. 
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And if you go about to find the time of the beginning and end of 7w:lght ; all 
the time that the Sun is paſling from 2 deg. of Gemm: to 32 deg. of Cancer, which is 
from. about the 12 of May to the 12 of Fuly, you ſhall find that there will be no 
Twilight at all, but all that time continua day : For all that ſpace of time the Sus 
never deſcendeth ſo much as 18 deg. under the Horizon, 1n the Latitude of 51 deg. 
39 Mn. 


Pa Oo 38. Xt 


io. What Altitude the Sun ſhall have at 6 of the Clock in the Morning 
or Evening. 


Dehni-"Þ" HE Altitude of the Sun, or of a Star, &c. i an Arch of an Azimuth or Ver. 
tion | rical Circle, paſſing through the Zenith and Nadir Points, and the body of the 
Sun or Star, counted from the Horizon to the Sun or Star: And all ſuch Azimuths or Ver- 
tical Gircles are repreſented by the Quadrant of Altitude. © 

C Note, That this Problem is only in uſe when the Sun is in the fix Northern fiens: 

For the Sn 15 never above the Horizon at fix, when he 1s 1n Southern figns. 

Pratice.] Bring the 29 deg. of Taurus to tht Meridian, and ſet the Index of the 
Hour-circle to 12; then turn the Globe about Eaſtward, till the Index of the Hour- 
circle come juſt to 6 of the Clock ; then holding the Globe there, lay the Quadrant of 
Altitude juſt over the 29 deg. of Tawrw, and there you ſhall find it to cur 15 deg. 30 m. 
of the Quadrant. And ſuch Altitude ſhall the Sun have at 6 of the clock in the morn. 
ing, and the ſame at 6 at night. 


Ando, 
deg. min. deg. min, 


s 16 oo Nt) The Sun's Alt: 12 32 
W _ Fo val c eude at 6 will 
13 oo Y &.-3 


be found to be 


Pros. XII. 
11. What Azimuth the Sun ſhall have at 6 of the Clock. 


C 

Defini-"T"HE Azimuth is an Arch of the Horizon comprebended between the Ea#t, Weſt, 
 _ ion] North, or South points thereof, and the interſ eftion of a Vertical-circle paſſing 

through the Sun or Star whoſe Azimuth you ſeek. 
C Note, This Problem is of Uſe only when the Sun is in Northern Signs. 
Pra#ice.] Bring the 29 of Taurss to the Meridian, and ſet the Index of the Hour- 
wheel to 12; then move the Globe till the Index lie upon 6; and holding the Globe 
. there, lay the Quadrant of Alntude juſt over 29 deg. Tawrws : Then ſhall you find, 
that there arc 57 deg. 14 min. of the Horizon contained between the interſection of 
the North-part of the Meridian, and the Quadrant,of Altitude, which is the Azimuth 
from the North ; or 12 deg. 46 min. from the Eaſt, which is the Azimuth from the 
Eaſt : or 102 deg. 46 min. from the South, which 1s its Azimuth the South. 

In like manner, 


deg. min. R : deg, min. deg. min. deg. min. 
16 o A The Swis AzimuthPea Arg 49/SLo 11 loo II 

The Sw s at 6 will be Rnd6 £9 Q ) CE | 
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Iz. At what hour the Sun ſhall be upon the Eaſt or Weſt Azimuths. 
CT This Problem 13 only of uſe when the Sun 15 in Northern Signs. 
as.) 1 454 the 29 deg. of Taurws to the Meridian, and the Index to 12 of the 


Clock. Allo bring the beginning of the degrzes of the Quadrant of | 
Altitude to the Eaſt-point of the Horizon, and turn the Globe abour cill che 29 deg. 
vu 


hte 
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of Taurus do touch the degrees of the Quadrant of Altitude ; then ſhall the Index 
point at 7 min. paſt. 7, at which time in the morning will the Saz be exatly u 
the Eaſt Azimuth, or point of the Compaſs. And it you carry the Quadrant of Al- 
crude to the Weſt-point of the Horizon, and turn the Globe about ill 29 deg. of 
Taurus touch the edge of degrees thereof, the Hour-Index wall point at 4 of the Clock 
and 53 min. at which time 1n the afternoon will the Sws be upon the Weſt-Azimuth, 
or point of the Compaſs, 

In the ſame manner. 


deg. min. F N ®. 717. deg. min. 
16 oo SUPIe w © 5F7 $ 62 
ney Cn bſh -Wbeg 
13 00” v1 a 6 17 5 43 
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13. What Altitude the Sun ſhall have when he is upon the Eaſt, 
or Weſt-Azimuths. 


C This Problem 1s in uſe only when the Swn is in Northern fagns. 
Profice JJ Ring 29 deg. of Taurus to the Meridan, and the Quadrant of Alcitude' 

co the Eaſt or Weſt-points of the Horizon: Then turn the Globe about, 
till the 29 deg. of Taurus touch the Quadrant of Altitude, and you ſhall find it to touch 


at25 deg. 55 min. of the Quadrant: and ſuch Altitude hath the Sar, when he is upon 
the Eaſt or Weſt-Azimuth. 


In like manner, 


deg. min. © ts A | , deg. min. 

When the 16 09 SY3lts Altitude when?20 19g 
Prong * Eaſt or Weſt 

13 02 VN willbefound 0 6 36 


* Pxo BB. XVI. 
14. What Altitude the Sun ſhall have at any time of the day. 


Nee EY 29 deg. of Taurzs to the Meridian, and ſet the Hour-Index to 12 of 
| the Clock. Then turn about the Globe eill the Hour-Index point to the 
gven hour (ſuppoſe 9 in the morning, or {0 the afternoon:) there keep the Globe; 
and laying the _— of Altitude over the 29 deg, of Tawrus, you ſhall find 43 deg. 
cut thereby ; and ſuch Altitude ſhall-the Sn have at 9 in the morning, or 2 in the 
tkernoon. And by this Problem the Sun's Altitudes in any fign or degree the E- 


chptick at all hours may be found; as in this following Syzpſis or Table. 


ing in the be- or or or or or 


So the Sun be- Gemini | Taurus | Aries Scorp. | Aquar. 
Cancer 
ginning of Leo Virgo | Libra | Piſces | Sagitt. 


—_— 


At the ho. d. m.\d. md. m.d. m.|d mid. m.ld. m. 
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This Table will be of good uſe to ſuch as have occaſion to make Cylinders or 


adrants, to find the hour of the day; or Rings and other Inſtrumental Dyal; ; and 
_ inſert the Tropicks and other Parallels of the Swn's courſe in fixed Sun-Dyal;, &c. 


PRO 8B. XVIL. 
I5. What Altitude the Sun ſhall have, he being upon any Azimuth. 


Praftice 1OVFEt the Quadrant of Altitude to the Azimuth you intend to find 'the 41- 

5 titude —— ( ſuppoſe the 3o deg. of Azimuth from the South towards 
the Eaſt :) Bring the Quadrant of Altitude thither ; and keeping of it there, turn 
the Globe about till 29 deg. of Tawrw touch the degrees of the Quadrant of Alti- - 
tude, and you ſhall find them to concur at 55 deg. 34 min. of the _— And 
ſuch is the Sun's Altitude, when he is 3o deg. from the South-part of the Meridian, 
either Eaſtward or Weſtward. And by this means you may find the Azimuth at all 
times. An Example of the Sun's Altitude upon every Tenth Azimuth from the South, 
in the beginning of each Sign here followeth, 


, Leo | Virgo | Libra | Scorpio | Saput. 
[The aro in Con or or or © OX Capric. 
ginmng | Gemini |Taurus | Aries | Piſces | Aquar, 
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This Table hath the like uſe for the making of Cylinders, Luadraver, and other 
Inſtruments that give the Azimurb by the height of the Sw", as the preceding Table 
hath for the Hour, and may be ſo applied. 


The Latitude ( 51 deg. 30. min. ) the Sun's place in the Ecliptick, 
( 29 deg.o min. Fu Taurus) and his Altitude (12 deg.) being 
given: To | 


P R O B. XVIII. 
1. The Sun's Azimuth at any time. 


rotie) THE Globe being redified, &c. and the Quadrant of Altitude fixed, and 
brought to the Horizon; turn 29 deg. of Tewrm toward the Eaſt, if in 
the morning ; or towards the Weſt, if in the Evening, till it come to hie juſt under 
5o deg. 47 min. of the Quadrant of Alticude 5 and then note at what degree in the 
Horizon the Quadrant of Altitude rejteth, which will be at 48 deg. from the Eaſt, if 
in the morning; or 48 deg. from the Weſt, if in the afternoon Northward, which 
is the Azimuth from the Eaſt or Weſt towards the South. And this Azimmb, if 
reckoned by the Points of the Compaſs upon the Horizon, will be North-Eaſt, if in 


the morning; North-Weſt, if in the evening, when the Sun is in 29 deg. of _ 
an 
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and hath 5o deg. 47 min. of Altitude. Now if you count the degrees of the Hori- 
zon berween the Quadrent of Altitude and the North-part of the Urridien, you ſhall 
find them to be 138 deg. which is the Azimub from the North : And if you count 
them from the South-part of the Meridian, you ſhall find them to be 42 deg. which 
i the Azimuth from the South. x 

In like manner, 


deg. m. 
The Latitude being Fl 3o 
The Sun's place 1 oo Aquarims. 
The Smn's Altitude 12 o0 


Then will the 4zimurh be found to be 56 deg. from the Eaſt or Weſt towards 
the South ; which ( by the Points of the Compaſs upon the Horizon ) will appear to 
be S. E. by S. if in the morning, or S. W. by S. if in the evening. 


PRO B. XIX. 
2. The Hour of the day. 


Price. FB Ring 29 deg. of Taurus to the Meridian, and ſet the Index to 12 of the 
Clock : Then, if it be in the forenoon, ſer the Quadranc of Altitude on - 
the Eaſt-fide of the Meridian ; but on the Weſt-ide, if it be in the afternoon. And 
turn the Globe about, till the 29 deg. of Tawrms meet with 12 deg. of the Luadrant 
of Altitude ; and then ſhall the Index of the Hour-circle point at 5 of the clock and 
26 min. 1f 1t be in the morning; or at 24 min. after 6 ot the clock, if it be at night. 
And that is the true hour of the day. 
In like manner, 


; deg. min. 
The Latitude being 51 30 
The Swn's place 1 09 Taurm., 
The Alcticude 36 oo 


Then will the hour of the day be found to be either 9 in the morning, or 3 ia 
the afternoon. And which of theſe hours it is, may beſt be known by a ſecond ob- 
fervation of the Altitude : For if the Altitude do increaſe, it is the forenoon ; but if 
x decreaſe, it is the afternoon. 

Again, 
| deg. min. 

The Latitude being $52 3o 
The Sun's place the beginning of Taurus. 
The Sun's Altitude 25 56 


1 The hour of the day would be found to be either $ min: paſt 4 in the afternoon. 
1 Orif it were 1n the forenoon, 52 min. aftg 7 in the morning, 


Pao B. XX, 


| j. To find the Difference of Latitude, or, to know how many degrees the Pole 
1 muſt be Elevated or Depreſſed, to make the Longeſt day in any Latitude as 
Hour longer, or an Hour porter than it is in your Latitude. 


Beta it be required to find in what Latitude the Longeſt Jay ſhall be an hour longer - 
than it is at London. 

' Praftice.] Rectifie the Globs to the Meridian of London, the Index of the Hour- 
arcle to 12, and the Salſtitial Colure to the Meridian; fo ſhall the number of hours 
Cntained between the Braſs-Meridian and the Horizon, upon the Tropick of Cancer, 
be half the lengch of the Longef day at London, namely, 123 deg. which in time is 8 
wurs and 13 min. for the Semidiurnal-Arch of the Artificial day at London. Ac this 
nterſeion of the Tropick of Cancer with the Horizon, make a ſmall mark upon the 
Tropick, and move the Globe Weſtward, till the EquinoGtial Circle hath paſſed 7 deg. 
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30 min. or one half hour of time from the Meridian; and then obſerve where the 
Tropick of Cancer interſes with the Horizon again, and there upon the Tropick 
make another ſmall mark. Then bring the Solſticial Colure back again to the Meri- 
dian, and there fix the Ball of the Globe ; and move the Braſs Meridian in the Hori- 
zon upwards, till your ſecond prick which you made upon the Tropick do juſt touch 
the Horizon ; then will the Globe ſtand at that Latitude in which the Longeſt day will 
be an hour longer than the Longeſ# day at Londen is ; and thar Laticude will be found 
to be 56 deg. 27 min. . 

But if you would know in what Latitude the Lowgeſt day ſhall be one hour ſhorter 
than at London, then having made a mark upon the Tropick at the termination of 
the Longeſt day there, move the Globe Eaſtward, till 5 deg. 30 min. have paſſed the 
Meridian; and where the Tropick and Horizon interſet, maks there a mark upon 
the Tropick, and bring the Solſtirial Colure to the Meridian, and fix the body of the 
Globe there ; then depreſs the Meridian in the Horizon, till your ſecond mark do 
touch the Horizon ; - then will the Globe reſt at that Latitude wherein the Longe#t 
day will be one hour ſhorter than the Longeſt day at London 15; which Latitude will 
be found to be 35 deg. 58 min. 


PRo B. XXl. 


4+ How much muſt the Sun's Declination increaſe or decreaſe, to make the Day 
Artificial one Flour longer or ſhorter than it was at the time propoſed. 


CUppoſe in Latitude 51 deg. 3o mip. the Sus to have 10 degrees of North-Declina- 
tion, and I would know how much the Declination muſt increaſe Northward, 
to make the day one hour longer than it 1s. IT | 
Prafice.] Elevate the Globe to the Latitude of London, 51 deg. 30 min. and brin 
the Equinoctial Colure to the Meridian; alſo, bring the Sun's place, or the parallel © 
10 deg; his Declination, to the Horizon ; and upon the Horizon make a ſmall mark, 
to which bring the Equinotial Colure, and at this interſe&ion make a mark upon 
the Colure. Then (it the days ———_ move the Globe Eaſtward, or Weſtward 
if they ſhorten) cill 7 deg. 39 min. of the Equino@tial have paſſed the Meridian ; and 
then, again, where the former Colure interſe&s with the Horizon, make another 
mark, upon the Colure. This done, bring the Colure to the Meridian again, and 
ſee what number of degrees of the Meridian ( or degrees of the Colure it ſelt) are 
contained between the ewo pricks ; which you ſhall find to be 4 deg. and 4o min. 
And ſo much muſt the Declination increaſe Northward, to make the day lengthen 
one hour, at that time of the year. * 
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s, 'To find what number of Days are contained between the Days of Lengthning 
: * or Shortning one Hour, at any time of the Tear. 


ET the time be as in the laſt Example, where the Sun hath 10 deg. of North- 

declination ; which will be about the 5 of Apr3l. 

Pradtice.) Having made two pricks in the Colure, as in the laſt Example,  brin 
the firſt prick tothe Horizon, where you ſhall find it to ſtand againſt the of April. 
Then move the Globe cill the other prick touch the Horizon; which it will do about 

the 19 of April, at which time the day will be one hour longer than it was upon the 5. 

_ of April; between which two days, there are contained 13 complete days, and parts 

of both the ewo other days. So that you may conclude, that in 14 days time (at 

that ſeaſon of the year) the days do lengthen one hour, and ſhorten as much when 
the Sun is 1n oppoſite ſigns. 
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PR oO 8B. XXII 
6. To find the length of the Longeſt or Shorteſt day in auy Latitude. 


Defini- "THE Longefs Artificial day in any Latetude, is made by the Sun's paſſing through 
tion ] the Tropick of Cancer in all places that have North- Latitude, or through the 
Tropick of Capricorn to all that bave South: Latitude, 

Pratice.] To find the length of the Longeſt day at London, in Latitude 51 deg. 39 m. 
elevate the Globe thereto, and bring the Solſtitial Colure to the Meridian, and the 
Hour-Index te@ 12, then count the number of hours upon the Tropick of Cancer, that 
are contained thereupon between the interſetion thereof with the Horizon, on the 
Faſt-fide, and its interſeQtion on the Weſt-fide, whichyou will find to be 16 hours, and 
almoſt half an hour, viz. 26 min. for the length of the Longeſt day. And the num- 
ber of hours contained between the Eaſt and Weſt interſetions of the Tropick of 

icorn and the Horizon, is the length of the Shorteſt day, which at Loxdos will be 
found to be 7 hours, and ſomewhat above half an hour, viz. 34 mun. 


Half the length of the Day is the time of the Sun's Setting, and half the length of 
the Night is the time of the Sun's Riſing. h 


PAR oB. XXIV. 
7. Of the Reaſon of the Inequality of Days Natural, and Days Civil. 


Defini- A Natura! day is that ſpace of time in which the Sun moveth from the Meridian 
tion” ] of ſome one place or Country, tothe ſame Meridian again. Theſe days are not 
always of an equal length, but are longer at ſome times of the year than at other times, but at 
all times they are longer than the Civil day is, A Coil dey being that ſpace of time contain- 
wy juſt 2.4. hours, reckoned from 12 of the Clock at Noon one day, unto 12, of the Clock at Noon 
the next day ; in which time the Equinottial maketh one entire Revolution about the Axis of 
the World. The difference between theſe two ſorts of Days is but ſmall ; and there is a 
dnble cauſe for this [mall inequality. 

1. Becauſe the Sun's apparent motion differs from bis true motion, as being ſlower when 
be is in bes Apogzum, than in bs Perigzum ; he moving ſcarce 5% min. in a day when 
be is in the one, and above 61 min. when he is in the __ and ſo imcreaſeth in Right 


2. The difference of Right Aſcenſions im ſeveral equal parts of the Ecliptick : For when 
the Sun 15 wear either of the Tropicks, the Aſcenſional Differences are greater than when the 
Nun is about the Equinoftial : For about Aries or Libra, the Right Aſcenſion of 10 deg. 1s 
bt 9 deg. 10 min. whereas the Right Aſcenſion of 10 deg. of Cancer or Capricorn is 10 deg. 
and $2 min. | 

New this difference being ſo ſmall, in one days time it is not perceptible by the Globe ; 
wherefore if you wonld find this difference, it would be requiſite to take ſome number of days, 
@ 10, 20, or JO, and in them it will be apparem. And to effect it by the Globe, do thas. 

Prafice.] Firſt, find the place of the Sun, both at the beginning and ending of thoſe 
days you would compute the difference of. 2. Find the Right Aſcenſions anſwerable 
to each place in the Ecliptick, as alſo the difference of Right Aſcenſions anſwerable to 
the motion of the Sun in each reſpetive number of days. 3. Compare the difference 
of the Right Aſcenſions together, by lubſtracting the leiler from the greater; and the 
i fference convereed into time, ſhall be the number of minures thac the one number 
« days exceedeth the other. | 


EXAMPLE. 
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The Poles Ecliprick-line and that Star. 


EXAMPLE. 


Let it be required to find what difference there is in the length of the firſt 20 days of 
December, and the firſt 20 days of March. | 


| d. m. d. m, d. m. d. m. 
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21CY 11 114 2 © 1o 25 4 

Here by this Synopſis you may perceive that the difference of theſe 20 days taken 
at ſeveral times of the year is 4 deg. 2 min. which converted into time 1s 16 minutes, 
that is, a quarter of an hour and one minute ; and fo much longer are the firſt 20 days 
in December, than the farſt 20 days of March. 

And by this means you ſhall find chat the Month of Fanuary is longer than the Month 
of Fane (both Months conſiſting of 31 days) by 1 deg. 20 min. which is only 4+ min. 
11 time, 
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1\W 21 471 E (293 29 ? 
© ( January T 31 24 
= z1C> 22 17|S [| 324 53 We 
= DP. Differ. of Aſcenſ. >01 20 
8 ICT 20 40| "& 79 43 | 
© \ Fune 02 o 04 
31CS 18 16) 3 Ulog 47 


Thus the Month of Fanwary is longer than the Month of Fane by 4 minutes and 
+ of a minute of time. | 


q All the fore-going Problems may be performed upon either Globe ; the Horizon, 
Meridian, Luadrant of Altitude, Howr-Circle, and moſt of the Circles upon the 
Globes themſelves, being in both che ſame. But it is molt proper to uſe the 
Terreſtrial Globe for Geographical and Nautical Problems ; and the Celeftial 
Globe for ſuch as concern Aſtronomy ; and theſe following are chiefly ſuch, and 
therefore beſt to be wrought by the Celeſtial Globe. 


PR oO B. XXV. 
To find the Longitude and Latitude of any Star. 


© 8 
—T Longitude of a Star is an Arch of the Ecliptick, contained between tbe 
tion |] inning of Aries, and the interſeftion of an Arch of a great Circle, which 
paſſeth through both the Poles of the Ecliptick, and alſo through the body of that Star. 
The Latitude of a Star « that part of an Arch of a great Circle, which paſſeth through 
both the Poles of the Ecliptick, and through the body of the Star, and is contained between the 


Prattice.] For the Longitude, skrew the .Luadrant of Altitude over that Pole of the 


c"pric& Ecliptick which is neareſt to the Star whole Longitude you ſeck. Then laying the 


Quadrant juſt over the centre of the Star, look what degrees of the Eclptick, (counting 
them from the beginning of Aries) and thoſe degrees are the degrees of the Star's Lon- 


the world gitude. So the Quadrant of Altitude skrewed over the North: pole of the Ecliprick, and 
232 4g. laid upon the bright Star Capella, the Quadrant ſhall cur 77 deg. 15 min. of che Eclip- 
7 tick Circle, counted from the beginning of Aries ; and that is that Stat's Longitude. 


For the Latitude, the Quadrant titted as before, and laid over the centre of Capella, 
the Star ſhall cut 22 deg. 5o nun. of the Luadrant of Altuude; and tuch 15 the La: 


1i;zude of that Star, North, for that it ies on the North tide of the Ecliprick-Line. 
PrROB. 
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PRoB. XXVI 


To find the Right Aſcenſion aud Declination of a Star. 


Detini- HE Right Aſcenſion of a Star is that Arch of the Equinottial which $5 Con- 
tion |] tained between the beginning of Aries and that point which comes to the Merj- 
Jian with that Star. 
The Declination of 4 Star is an Arch of the Meridian comtained between the Equinoial 
any Star. | | 
ma For the Right Aſcenſim, ( the Globe being re&ihed ) bring Capella to the 
Meridian, and then ſhallyou find 73 deg. 7 min. of the Equinoctal contained between 
the beginning of Aries and the Meridian ; and that is the Right Aſcenſion of Capells. 
For the Declmation, bring Capcla to the Meridian, fo ſhall you find 45 deg. 37 min. 
of the Meridian contained between the Equinodtia] and Capela ; and that is the Decli- 
zation of that Star. And in this manner you may find the Longitude, Latitude, Rigbt 
Aſcenſion, and Declination of any other Star upon the Celeſtial Globe: As in this fol- 
bowing Table of the principal Fixed Stars of the firſt: Magnitude, you ſhall find. 


| | Longitude|Latitude) | |Right A[\ Declin. | 
Stars Names. | 51 m.\deg. m is wha 
| — Seneca DO 5 _ 
| Art arus 119, 39331 2B] flo B 
Lucida Lyra 2%o 43'61 47|B| [276 B 
\Algol + 5L 37122 22|]B| | 41 B 
Capella | 27 16,22 F$olB 73 B 
| Aldebaran | 65 12] 5 JIA 64 5| BI. 
Regulus 1145 I7]O .26[/B 1147 B | 
Caude Leonis 167 J\12 18| Bl [173 B 
Spica Virgm, 199 16| 1 $9} Al 1196 A 
Amares 245 13} 4 27]A 242 A 
Fomahans {529 Iris ool'A| [339 A 
Regel 72 1731 111A} [94 A 
Syrins 99 3539 30 A 97 A} - 
Procyon 111 18i5 $57 A Jrio Bi 


Pao B. XXVII. 
To find the diſtance of two Stars. 


Prelice.) 1. JF the two Stars be b:th of them under the ſame Meridian, Bring them 
. under the General (or Braſs) Meridian, and ſee what degrees of the 
' Meridian are contained between them, for that 1s their diſtance. 

2. If they lie not under the ſame Meridian, but bave the [ame declination, or lie in the ſame 
Parallel, Bring one of them co che Meridian, and ſee what degrees of the Equinottial 
are cur thereby : then bring the other Star to the Meridian, and count what degrees 
of the Equinoctial are contained between the Meridian and the degrees before found, 
for that is the diſtance of thoſe ewo Stars. ny 

. If the rwo Stars do netther lie under the ſame Meridian, nor in the ſan; Parallel, Then 
lay the Quadrant of Altitude (it being looſe) to both the Stars, and the of the 
Quadrant contained between the two Stars is their diſtance. And if the Quadrant be 
too ſhort, you may uſe the Circle of Poſition, or take their diſtance with a pair of 
-—- apts patſes, and meaſure their diſtance upon the EquinoRial, or any other great 

. | 


Thus, The Right Shoulder of Aurige, and the Right Shoulder of Orion, being under 
the ſame Meridian, their diſtance will be found to be: 37 deg. 38. min. | 

Allo, Arciurms and the Lions Neck, being near in the ſame Parallel, their diſtant 
will be found co be 55 deg. | 

Likewile, Lyr4 the Harp, and Marchad 1n the Wing of Pegaſms, will be found to 
t diltant 61 deyiees. | 


Ddd | Pzxos. 
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Pk o B.. XXVIII. 


To know what Stars will be upon the Meridian at any hour of the Night. 


Profice RE Sun being in 29 deg. of Taurus, what Stars will be upon the Meri- 
dian at 10 of the Clock and 12 min. at Night, bring 29 deg. of Scorpio 
(which is the oppoſite Sign to Taurus) tothe Meridian, and ſet the Index of the Hour- 
Circle to 12, then turn the Globe about weſtward, ill the Index point at 12 min. 
after 10 of the Clock, and there hold the Globe; and all thoſe Srars which lie unde 
the Braſs Meridian are then upon the Meridian, of which Ar&uras 1s the chief. 


PR © B. XXIX. 


To know what day in the year any Star ſhall be upon the Meridian at 12 
of the Clock at Night. | 


pens) {5 9- the Star to the Meridian, and mark what degree of the Ecliptick 
is juſt under the Meridian at the ſame eime : Then find that degree of. 
the Ecliptick in the Horizon, and note what day of the year ſtandeth againſt ir, for 
that day of the year will that Srar be upon the South-part of the Meridian at 12 ac 
nighe: and when the Sun 151n the oppoſite Point of the Ecliptick, the ſame Star will 
be upon the North-part of the Meridian at 12 at noon. 


PR oO B, XXX. 


The Sun's Place, and the Altitude of a known Star given, to find the hour 
of the Night. 


Þ Err Sun being in 21_deg. of Capricorn, the Altitude of the Great Dog 14 deg. I 
demand the hour of the Night. Y 

Prafice.] The Globe ReQtified, &c. being 21 deg. of Capriccrn tothe Meridian, and 
the Index to 12 of the Clock. Then move the Globe and Quadrant of Altitude lo to- 
gether, that the Grear Dog meet with 14 deg. of the Quadrant; and then ſhall the Ingex 
point at $ of the Clock and 22 minutes; which is the true hour of the Night. | 


And thus, 
dep. {ata dep. deg. min. 
7” hand 20 7 Fand the e Bulls Eye 39 v 233 
c 186 20 n OAT Bulls Eye 30 The wag $3 
5 xJof Arturus oy 


: . PK © 8. XXXL 
The Altitude of Aldebaran '(or any other Star) being given in a known Latitude ; 
To find the Star's Azimuth. 


| Pratiice. ] "HE, Quadrant of Altitude being fixed in the Zenith, move it amd the 
Globe, cill the degrees of Altitude given do meet with the centre of the 

Star ; then ſhall the end of the Quadrant of Alticude ſhew you upon the Horizon the 
Azimuth in which the Star then is. And thus, if you bring the Quadrant of Altitude 
on the Eaſt-fide of the Globe, moving it and the Globe both, till the centre of A/debaras 
do meet juſt with 42 deg. of the Quadrant, you ſhall then find the Quadrant of Alti- 
tude to reſt at 33 deg, of the Horizon, counted from the Eaſt; or at 57 deg. if you 
count them from the South : and that 1s the Azimuth of Aldebaran when he hath 42 
deg- of Altitude ; and that is near the S. E. by E. Point of the Compaſs. 


The 


__ w_ 
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The Latitude of the Place (5 1 deg. 3o min.) and the Declina- 


tion of a Star . ( ſuppoſe the Bulls eye, Aldebaran ) given : 
To find | 


1 P R © B, XXXI. 


1. ts Right Aſccnſion. 


Pratfice. Þ" HE Globe Re&ified to the Latitude, &c. bring Aldebaran to the Meri- 
dian : then count how many degrees of the Equino@tal are contained 
between the Meridian and the beginning of Aries ; which will be 64 deg. 17 min. 
2nd that is the _- Aſcenſion of that Sear; which in time (by allowing 15 deg. for 
an hour, and 1 deg. for 4 min. of time) is 4 hours 16 min. its Righe Aſcenſion in 


ume, 
Andin the ſame manner may you find 


d. ' mn h. m. 
The Right c Ar&urus , ; 210 13 C 
co 


"1 Pls 
Aſc:n- » Syrins 97 42/pintime4 6 3o 
fron of © Algol 39 39 2 38 


PR o B. XXXIIL 


| 2. 1is Aſcenſional Difference. 


| on the Star to the Meridian, and the Hour-Index to 12. Then bring 
| che Star either to the Eaft or Welſt-fide of the Horizon, and there you 
ſhall finder hour and 27 min. contained between the Index and 6 of the Clock : and 
ſuch is the Aſcen/ional Difference of Aldebaran. 

In like manner, you may 


d. m. | m. 

The Aſcen-\ 4r&urw 23 40 I 55 
fional Dif-<Syriws Sto bo 3% 284 or in time >: 26 
ference of C Algol —— 


Algol his Declination being more than the Complement of the Latitude, never 
' riſes nor ſets, but is always above the Horizon. 


P R oO B. XXXIV. 


3- ts Amplitude. 


Praffice. JJ Ring Aldebaren to the Horizon on either fide of the Globe, and you 
ſhall find it to touch the Horizon at 25 deg. 56 min. from the Eaft 
or Weſt Northward ; which is the Amplitude of the Bulls eye's rifing or ſetting. And 
according to the points of the Compaſs it riſeth E. N. E. 2 deg. 26 min. Northerly; 
and ſets W. N. W. 2 deg. 26 min. Northerly. | 
And thus may you find 


| «&.. 
ArTurzaspRileth fromENorthward 35 6 
That & Syrius the Eaſt orgSouthward 26 41 e 
Algol Weſt Never rites or ſers 
D 2 4 The 
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Px 0 BB. AAXY. 


_ 4. The Semidiurnal Arch, and the time that Aldebaran (or any other Star) 
continues above the Horizon. 


Pointe Aldebaran to the Meridian, and ſet the Hour-circle to 12. Then 
| | turn the Globe Weſtward, till Adebaran touch the Horizon : then 

ſhall the Hour-Index point at 5 ho. 27 min. And fo long time is Aldeharan above 
the Horizon, before he comes to the Meridian ; and continues ſo many hours and 
minutes above the Horizon, after he hath paſt the Meridian, and ſers in the Weſt. 
And thoſe 5 ho. and 27 min. is the Semidiarnel Arch of that Star ; which doubled, 


_ i5 14 ho. _—_-_ And ſo long doth that Star continue above the Horizon after 
the time of his riling. | 
And'in this manner you may find | 


d. m. Wb 
The Semi- ( Ar&urus) 2K 7 55) And his conti- (15 50, 
diurnal Sor & " 4 340 Nuance above $8 
Arch of CA/gol © /12 09) the Horizon C24 oo 


| Prxo'B. XXXVI. 
5. At what hour (any time of the year) Aldebaran comes to the Meridian. 


PomelF | BT the time be the firſt of Fanuary, at which time the Sun is in 22 
deg. of Capricorn. Bring 22 deg. of Capricorn to the Meridian, and 
ſet the Hour-Index to 12. Then turn the Globe about till 4/debaran be under the 
Meridian, and then you ſhall fand the Index to point at 42 min. after $ of the 
Clock, at which time Aldebaren will be upon the Meridian that night, 

In hke manner you may find, thac 


-h m. 

; Ofober 28) ArFurus (will be up-Yi1 1o 
Upony Fanuary 31 Crim Jon the Ke. d 9 23: 

| Aleol CEridian at 7 12 


anuary 1 
PRO B. XXXVIL. 


6. At what hour ( at any time of the year ) Aldebaran (or any other Star) 
riſeth or fetteth. 


£C 

Pong Fr the time be Faenuary 1. By the laſt before-going, you found that 

Aldebaran came to the Meridian at 8 ho. 42 min. And by the laſt 
but one, you found his Semidiurnal Arch to be 5 ho. 275 min. This being caken 
from 8 ho. 42 min. the time of his being South, leaveth 1 hour 15 minutes, the time 
of us Riſing: ſo that upon the firſt of Fanuary Aldebaran did rife at 15 min. after 
I in the afternoon. Again, if you add his Semidiurnal Arch 57 hours 27 min. tothe 
time of its being South $ hours 42 min. the ſum will be 16 hours 9 min. from which 
take 12 hours, and the remainer will be 4 hours 9 min. So that Aldebaran will ſer 
= ? min. after 4 of che Clock the next morning. And in liks manner you may 

nd, | v 


that | 
h. m. h. m. 
Oftober 28 yz Arturw7 ,. <3 B v-1'% 
Upon ; anuary 21 Orin x7 5 oo 1 
anuary 19 Alpol 2 — Ge 


Algol never Riſes nor Ss. 


— 
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PR oo B., XXXVUL 


5. At what Horary diſtance from the Meridian Aldebaran will be due Egft or 
Weſt : And what Altizude he ſhall then have. | 


Proflice Ja Ring Aldebaran to the Meridian , and the Hour-Index to 12, and the 
| Quadrant of Altitude go the Weſt-point of the Horizon : then turn the 
Globe Eaſtward, till the Centre of the Scar be juſt under the edge of the Quadrant; 
then thall the Index point at 5 hours and 49 min. So that when Aldeberen is due 
Eaſt or Weſt, he will be 5 hours 40 man. of time ſhort of, or gone beyond the 
eridian. 
— when the Centre of Aldebaran is juſt under the Edge of the Quadrant of 
Aliitude, you ſhall find it to touch 20 deg, 21 min. And ſuch is the Alrirude of 
Aldtharan when he is upon the Eaſt or Welt Azimurh., In like manner may you 
find, chat 


| h. m. d. m. 
Ar&urius ? will be upon the Eaſt or (4 49y and Iise27 13 
Syrics Weſt Azimuth, when he i545 046 Alritudeh 20 56 
Algol diſtant from the Meridian (3 15) will be*5s4 37 


PR oO B.. XXXIX. 


8, What Altitude and Azimuth Aldebaran ( or any other Star ) ſhall have 
when fix bours diſtant from the Meridian. 


_—_ Aldebaran to the Meridian, and the Index to 12 ; Then turn the 
Globe about till the Index point at 6 : then lay the Quadrant of Alci- 
tde over the Centre of the Star, and you ſhall find it to lie under 12 deg. 18 min. 
of the Quadrant: and ſuch 1s the Alrizude of Aldebaras. At. the ſame time look 
what degrees of the-Horizon are cut by the Luadrant of Altitude, and you ſhall find 
$ degrees between it and the Eaſt or Weſt Points Northwards. And ſuch is the 
Avimuth of Aldebaran, And according to this Rule you ſhall find, that when 


Altit. - © Azam. 
d. m. d m. 
Arfurus) 1s 6 hours _— == 36Tfrom the 
Algol { trom the Merid. his 212 38479 43.4North. 


Sims 15 never 6 hours diſtant from the Meridian, nor any other Star that hach 
Suth-declination. 


P RK o B. XL 


9. To find what Altitude aud Azimuth any Star hath when he u at any hora- 
ry diſtance from the Meridian. 


Praffice. THis is no other than the laſt. For having brought the Star to the® Me- 
ridian, and the Index to 12 , move the Globe till it come to the de- 
hened hour. Then the £ualrant of Altitude being laid over the Star, ſhall at the 


e time ſhew you both the Altitude and Azimuth thereof as before. This need- 
no Example. | 


Prob. 
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10. Having the Azimuth of a Star, to find at what horary diſtance that 
Star is from the Meridian, and what Altitude that Star then hath. 


Prattice. Bs the Star to the Meridien, the Index to 12, and the Quadrant of Al- 

titude to the Given Azimuth ; then tugn the Globe about cill the Centre 
of the Star lie juſt under the Quadrant of Altitude; the Index at that time ſhall give 
the borary diſtance, and Quadrant the Altitude of the Star. 


Example : Aldebaran being ſeen _ 8o degrees of Azimuth from the North- 
Weſtward, that is, near upon the W. by N. Point of the Compaſs ; the Star broughe 
to the Meridian, and the Quadrant of Altitude to $o degrees, and the Hozr-Index to 
12. If you bring the Star to the Quadrant of Altitude, you ſhall find the Index to 
point at 6 hours, which is the Siars horary diſtance from the Meridian. And the 
Quadrant of Altaude will ſhew 12 deg. 18 min. the Altizede of Aldebaran at that 


time. 
Paod mnt 


Concerning the Poetical Riſmg and Setting of the fixed Stars, viz. 


| Coſmical 
Of The 4 Acronical c Riſing and Setting. 
Heliacal | 


And how to find either of them by the Globes. 
I. Of the Coſmical Riſing and Setting. 


Definition. ] A Star 15 ſaid to Riſe Coſmically, when it Riſeth with the Sun, or with 
that degree of the Ecliptick in which the Saw» then is. And the 

Coſmical Setting 1s, when a Star fetteth in the Morning, or goeth down under the 
Welt-Horizon 1n the Morning at ſuch time as the Sus 15 Riſing in the Eaſt. 

Praftice.) Upon the 27 of May, the Sun then being in 14 degrees of Gemini, I 
would know what Stars do then Riſe and Set Cofmically. Rectifie the Globe to 
your Latitude, and bring the 11 degree of Aquarius to the Eaſt-part of the Hori- 
203 : then look what Stars are about the edge of the Eaſtern Semi-circle of the Ho- 
rizon : for all thoſe Stars do that day Riſe Coſwically, And thoſe Stars which touch - 
or are near the Rim of the Weſt Semi-circle of the Horizon do Set at that time Co- 
micelly. So ſhall you find 


mn FIT 


| —_—_ or mud right leg v 
, | the Bulls eye,( » of Serpentar;-f Setting | 
May 27Q with divers R_ w and feys- 2 Coſmi- 
/ other ſmal- ral other cally. 


ler Stars, ſmaller Stars ; 
2. Of the Acronical Rifing and Setting of the Stars, 


| Defenition.] A Star is ſaid to Riſe Acronically when it Riſeth in che. EaſteHorizon, 

at ſuch time as the Sanz goes down or Sers in the Weſt-Hyrizon; 
and the Acrenical Setting is when a Star goeth down under the Horiz:m with the 
Sun. | 


Pr a- 
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| Prafice. ] Upon the 18 of October, in the Latitude of 51 deg. 30 min. the Sun 
1 then being in 5 deg. of Scorpio, I would know what Stars do on that day Rile and 

Set Acroncally. Reaifie the Globe to the Latitude, bringing the place of the Sur 

; deg. of Scorpio to the Weſt.part of the Horizon, then {hall all thoſe Stars which 

YOu lee on the Verge of the Eaſt-ſide of the Horizon , be Rilting Acronically. 
And all thoſe that are about the Verge of the Weſtern part of the Horizw are 

then Setting Acronically. And ſo upon the forementioned day, you thall find 


A Star in the The Tail of - 
Whales Tail, ( Lyon, the Sout . 
and ſeveral> Riſing, and Balance, and —_— 
other ſmal- ſeveral other J* 
ler Stars (maller Stars 


3. Of the Heliacal Riſing and Setting of the Stars. 


Definition. ] A Star is ſaid to Riſe Heliacally, when having been ſome time combuſt, 

4 > ( or hid under the Sw-Beams ) begins now to appear, ut being at 
reater diſtance from the Sun. And a Star 4s ſaid to Set Heliacally, which hath 
lome ſmall time before been ſeen, but now, by the near approach of the Sun, be- 
comes cumbuff and hidden under his Beams. Now to know when a Star begins to 
become cumbuſt, and when to be freed from his cumbuſtment of the Sun-beams, no 
certain Rule can be given : for the Magnitude of the Star, the difference of the Cli- 


1 mute, the cloudineſs or ſerenity of the Air may much alter. But the Opimion of the 
Ancient Aſtronomers was, that 


| deg- 
| 12 


A Star 


[3 
Magnitude may be ſeen J14Y below the 
of the 


when the Sun is bue Nis{ Horizon. 
16 


I7 


| And thoſe which are only Nebulous, cannot be ſeen till the Sun be 18 deg. un- 
1 der the Horizon. 


OC wm + HH = 


| Prafice.)] Reftifice the Globe to the Latitude, and the Quadrant of Altitude in the 
Zenith ; then bring the given Star (ſuppoſe Regulus, or the Lions Heart) to the Eaſt- 
hide of the Herizon, and the Quadrant of Altitude to the Weſt-fide ; then Regulas 
deing a Scar of the Firſt Magnitude (by the former Rule of the Ancients) may be 
ſeen when the Sun 15 but 12 deg. below the Horizon : wherefore ſee what degree 
of the Echiptick doth cut the Quadrant of Alticude in 12 degrees, whichgou ſhall 
1 tobe g deg. of Piſces, the oppofite degree to which is 9 deg. of Virgo; to which 
3 Signand degree when the Sw» cometh, (which will be about the 23 of Auguſt, ) 
1 then will' Regulws; the Lions heart, Riſe Heliacally ; Then for the Heliacal Setting, 
1 bring the Srar co the Weſt-fide of the Horizon, and turn the L2xedrant of Altitude 
3 to the Eaſt-fide, and ſee what degree of the Ecliptick 1s elevated upon the Qua- 
1 #ran, as the Magnitude of the Srar you deal with doth require. For when the Sun 
comes to the oppoſite degree of the Ecliptick, that Star ſhall Set Heliacally. So 


| The Gard =) Fane 12% Set yo 20 


Aldebaran Heliacal-< fune 26 > Heliacal- April 2% 
Artturus ly upon ( Sept. 265 ly upon ( Novem. 19 


» Concerning the Coſmical and Acronical Riſing of the Stars, ſee the following 
able. 


A Ta- 


—l CursSus MATHEMATICUS, Book lil. 
eA TABLE ſewing the time of the Year when 50 eni- 
nent Stars do Riſe, both Coſmically and Acronically. 


Calculated for the Year 1690. and -may ſerve for many Years paſt, and to 
' come, without any conſiderable Error. 


| Their Their 
| Names of the STARS. Coſmical Acronicat 
Riling. Riting. 
Marchab. Pegaſi Tanuary 1 | March 9g 
Right Shoulder of Aquarius 6 | February 14. 
Extreme Star in the Wing of Pegaſus 28 I9 
Following Tail of the Goat | February 5 | Fanuary 26 
Bright Star in the Rams Head March 2\| April 2909 | 
The following Horn of the Ram 5 i5} 
| The former Horn of the Ram April 10 13] 
North-Tail of the #4&ale 12 | March 19 
The brighteſt of the Pleiades 22 | May 10} 
The Sear in the Knot in the Net of X | Mey 1 | April 29 
North-Horn of the Bull is | Fune - 
North-Eye of the Bull 20 | May 12 
| Belly of the Whale " 23 | March 16 
Bulls Eye, Aldebaran | 29] May 1 
South-Horn of the Bull | Tune 5| June 17 
Lower Head of Gemini, Hercules 21 | July 20 
Bright Foot of Gemini 1 25 | June 5 
Middle Star in Orzons Girdle Tuly 2 | May 4 
North- 4/el:rs | i2| Fuly 25 
Creſepe | 14 19 
South- Aſelzs ; 17 I7 
Lefſer Dog, Procyor fy 18 | June 6 
Great Dog, Palilicium | 30 | May 3 
Lions Heart Auguſt 8| Auguſ® 9 
Lions Back Io | Oftober 19 
Hydra's Heart 20 Fune 16 
Lions Tail ke --g RN 22 | Offober 16 
Hares Thigh -* Septemp. g| April 14) 
vs pho. I3] — xk 5 
Arturms I5 | Decemb. 13 
| Virgins Girdle He 19 | October 18 
Bright Star of the Crown ' 28 | Fanary | 
Virgins Sps Offober 3 | Septemb. 2:4 | 
| Right Shoulder of Hercules 6 | Fanuary 9] 
Left Shoulder of Hereules = = NG 21 
Head of Herewles | 21 8 
North Balance 21 | Novemb. 17 
South Balance 23 | Offober 24 
Swans Bill 31 | February 16 
Righe Shoulder of Ophiucus | Novemb. 5 | Fanuary 4 
Lett Knee of Ophincus 6 | December 6 
Lower Wing of the Swan 4 ; March 11 
Vultzres Tail : If | Fanuary 27 
Right Knes of Ophincus P ' 16 | December 6 
Scorpions Heart 22 | Novemb. 4 
The Eagle 25 | Decemb. 31 
Pegaſus Scheat Decemb. 11 | March 24 
Andromeda's Girdle | 22 | April 29 
| Andromeda's Head | 25 6 | 
25 | January 17 


| Upper Horn of the Goat 
! | - DO Te OO Ore | PR O- 
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PROEB LS MY 


Relating to 


ASTROLOGY. 


— 


INTRODUCTION. 


STROLOGY, conliſteth of two Parts, the one Mathematical (or Afrone- 
A mical) the other Aſtrological, or Fudiciary. ' 

The Aſtronomical Part teacheth, how 1n a Scheme (or Figure, as they call it) 
to repreſent the Face of the Heavens upon a Plain, which they divide into XII. Parts, 
calling them Houſes: And ſuch a Figure do they ere for any Hour of the Day or 
Ngbr, at any time of the Year, and in any part of the Iorld. 

The A#trolegical Part 15, from the fight of the Figure fo ereted, to give a determi- 
nate Judgment of what ſhall be required of them ar that crime, for which the Figure” 
was erected, whether of an Annual Revolution, Ek#ion, the Nativity of a Perion, 
Gods ftoln, &C. 

The principal Authors that have given their Opinions concerning the dividing of 
1 the Heavens into XLI. Manſions or Houſes, are 1. Prolomy, 2. Alcabitms, $4. Campanus, 
| and 4. Regiomontanms ; which laſt is now generally receiwed among the 4ffrologers 

of theſe times, and by them deemed ( tor what reaſon 1 cannot tell ) the Rational 
way of Regiomont anus. 

Now, becauſe (as I ſaid before) that the EreRion of a Figzre of the Heavens 
x the Mathematical or Aſtronomical part of Aſtrology, I ſhall therefore ſhew how by the 
Globes to eret a Figare of the Heavens according to the various ways of the Four + 
formentioned Authors, and that for the ſame Latitude and Time, that the difference 
between them may appear. 
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Hwp to Eref# a Figure of the Heavens in the Latitude of London 
51 deg. 30 min. N. for the 10th. day of March, at 49 min. after 9 in 
the Forenoon ;, at which time the Sun entered into the firſt feruple of 
Aries in the Year 1675. 


I. According to the (eſteemed) Rational way of Regiomontanus, 


Defini- HE Heavens are divided into XII Houſes or Manſions, by 12 Semicircles 
ton od of Poſition; tor which purpole, to ſome Globes, there is made one of Braſs, 
] which is fixed in the InterieRions of the Meridian and Horizes, by the Elevation or 
3 Depreſſion whereof the Heavens may be divided into Parts or Houſes through each de- 
gree of the Ecliprick. | 

Definition 2.] Of theſe XIT Houſes or Manſions of Heaven, For are called Cardinal, 
3s (1.) the Horoſcope, or A/cendemr, or Gon of the Firſt Houſe. (2.) The Medium 
Celi, or Angle of the South, or Cuſpis of the Temth Houſe. (3.) The Deſcendent, or 
Angle of the Weft, or the Cuſpis of the Sevemh Houſe. (4) The Imum Cali, of the 
Angle of the North, or the Cuſpis of the Fourth Houſe. 

Definition 3.) Regiomontanus divides the Heavens into XII Houſes according to his 
Way, by the Circle of Poſition: paſling _—_— every zoth. degree of the Equino#:al, and 
cutting the Ecliptick at ſeveral Points, which are the Cu/piſes of the ſeveral Houſes : —— 
Sthat when the Globe 1s ſet to the Latitude, and the Hour-wheel Re&ified and brought 
tothe Given hour, you have the Cu/ps/es of the Four GS Houſes given: For, 
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Thedegree of Eads of che Hor, C Gives the Toh 0, 
_ the Eclips ick Weſt-{1de of the Horizon, Cuſpi: Seventh Houſe. 

cut bythe - North part of the Meridian, Fourth 

The Cuſpi{es of the other 8 Houſes are found by the motion of the Circle of Pofition, 


as ſhall be ſhewed by and by. 
_—_— 4] The Houſes are denominated by 1,2, 3, 4, &c. to 12, from the Aſcen- 
dant downwards to the Imum Cezli, up again to the Deſcendant, and again by Medium 


Celi down to the Aſcendant. As in the following Scheme: 


| A 
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Let this ſuffice for Definition, and now we will come to the Prafice by the Globes, 


ia | _: to the day propoſed, the 1oth. of March, find (by the firſt Afrone- 
mical Problem) the Sung place in the Ecliptick at Noong, which you ſhall 
find to be in o deg. 5 min. of Aries. 

Secondly, Ser the Globe to,the Latitude 51 deg. 3o min. 

Thirdly, Bring the Suns place at Noon (o deg. 5 min. of Aries) to the Meridias. 

Fourthly, Turn the Globe about ill the Howr- Index point to the Howr given, viz. to 
49 min. after 9 in the Morning. ; 

Laftly, The Globe being in this Poſirion, fix it. 

The Globe being fixed in this Pofriew, you ſhall find that the Exft-ſemicircle of the 
Horizon doth cut the Ecliptick in o deg. 29 min. of Cancer, which is the Sign then 4/- 
cending, and muſt be placed upon the Cuſpis of the firſt Houſe. | 

Then caſt your eye upon the Interſe&tion of the South part of the Meridien and 
the Ecliptick, and there you ſhall find the Ecliprick cut by the Meridian in 25 deg. of 
Aquarizs, and that Pointof the Ecliprick is then in the Medium Czli, and mult be ſec 
upon the Cuſpis of the Tenth Houſe. 

Alſo you ſhalt find that the Weſt-ſemicircle of the Horizon cuts the Ecliptick in 00 deg. 
| 29 min. of Capricorn; which point 1s then Deſcending, and muſt be placed upon the 
Cuſpi: of the Seventh Houſe. 

\ Laſtly, You ſhall find that the Nerth-part of the Meridian doth cut the Ecliptick 
in the 25th. deg. of Leo, which point is then upon the Imum Cz/i, and muſt be pla 
npon the Cuſpis of the Fourth Houſe, 


\ Thus have you found the Points of the Ecliptick which do occupy the Cuſpi/es of the 
Feur Cardinal Houſes ; Now for the other Eight Houſes. 


Let the Globe hill reft in its former Poſition, and then, 
\ Firſt, Bring the Circle of Pofition to its place on the ExF-fide of the Horizon ; and 
being there fixed, raiſe it upwards towards the Meridien, till 39 deg. of the.Equinedial 

be intercepted between the Horizon and the Circle of Poſition ; _ and then you ſhall find | 
that the Circle of Poſition will interſe& the Ecliptick in 20 deg. of Taurus; which degrees 
muſt be ſet upon the Crſpis of the Twelfth Houſe. Secondly, 
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Secondly, Move the Circle of Poſition yet higher towards the Meridian, nll 30 deg. 
more of the Equino#ial be intercepred between 1t and the Horizon, (1n all 60 deg. ) 
and when it fo doth, you ſhall find the Circle of Poſition' will cut the Ecliptick in. 35 
deg. of Piſces ; which point muſt be ſet upon the Cuſpz of the Eleventh Houle. 


The Meridian gives the Cuſps of the Tenth Houſe ig 25 deg. of Aquarius, 25 before. 


Thirdly, MBve the Semicirele of Poſirion from the Eajt-/ide of the Horizon to the 
Wift-fide, and move it downwards from the Meridian, till 30 deg. of the Equino&ial 
be intercepted between the Meridian and Circle of Poſition, and then you ſhall find that 
the Circle of Poſition will interſe& the Ecliptick in 7 deg. of Aquarizs 5 which point muſt 
be ſer upon the Cuſps of the Ninth Houſe. 

Fourthly, Move the Circle of Poſition yet lower by 3o deg. 5. e. 60 deg. from the 
Meridian downwards, and then you ſhall tind the Peſition-Circle to cut the Ecliprick 
in 21 deg. of Capricorn ; which point muſt be let upon the Cu{pz of the Eghih 
Houſe. 


The Deſcendant or Cul) i of the Seventh Houſe 1s the Interſetion of the Weſ#-ſide 
of the Horizon and Ecliptick, which 1s in 00 deg. 29 min. of Capricorn, as 


before. 


And thus have you found the Cuſpiſes of the Four Houſes above the Horizon, belide 
the Aſcendant and the Medium Cali ; viz. of the 12, 11, 9 and 8 houſes. Now the 
Cu{piſes of the Four other Houſes under the, Earth have the fame degrees of the oppo- 
lite 5gns upon them: For, | 


20 dep. of Taurus I2 
26 deg. of Piſces being upon the Ji1 
= deg. of Aquarius Cuſpis of the 9 
21 deg. of Capricors 8 


20 deg. of Scorpio _ 6 
26 deg. of Virge C will be on the )5 hand, 


7 deg. of Leo Cuſps of the 3 
21 deg. of Leo 2 


houſe. 


For the Six Signs 
Aries, Taurm, Gerhini, Cancer, Leo, Virgo, 
| arc oppoſite to 
Libra, Scorpio, Sagitt. Capric. Aquar. Piſces. 
And this is the manner how ( by the Glebe) to erect a Figure according to'the 
(reputed) Rational way of Regiomontanus. | 


Now if you would inſert the places of the Planets into your Figure, (for it is them 
that the Aſftrologer principally giveth Judgment by your way will be 
have recourſe to ſome good Ephemeris ( if you cannot Calcalatre them from 
Aſtronomical Tables) and ſo may you find the places of the-ſeveral Planets at 
the time for which this Figure was Erefed (viz. March to. 1675. 49 min. af- 
'ter 4 in the forenoon) to be as followeth: Viz. | gd? 


deg. 
h Saturn 2 £28 Arﬀes. 
Y Tupiter 19 Sapittarins. 
& Mars 17 Gemmi, 
© Sol | 00 Aries. 
Q Venus 15 in % 18 Aquaria. 
& Mercury 115 Aries. 
». Luna 24 Capricors. 
Jy Dragons Tail 17 Capricorn. 


Q Dragons Head _ 017 Cancer. 
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Having thus obtained the places of the Planets either by Cakulation, by Epbeme- 
rides, or Inſtrument, you may place them in their Correſpondene places in your 6. 
gre, as is here dane, and ſo is your Figure ready to give your Judgment upon. 
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Il. To Ere& a Figure of the Heavens for the forementioned time, 
Anno 1675 , March 1o day at 49 min. paſt 9 in the 
Morning. | 


According to Campanus. 


Defini J*HE Cuſpiſes of the Four Cardins! Hoaſes according to Campanir, v1z. the 

r1on.] Aſcendemt, Myd-beaven, Deſcendem, and Iuwm Cahk, are the ſame as they 
were according to Regiomontanns : But, as Regiomontanus divided the Houſes by the 
Circle of Poſitions paſting through each 3oth degree of the Equinofial, and interſe- 
ing the "Zelipeick in Ga Cuſpiſes of the ſeberal Houſes ; Companu divides the 12 
Houſes of Heaven by the Poſition-Circles paſſing through each zoth degree of the prime 
Vertical Circle, (or Azinweth of Egft and Weſt) and fo intexfeting the Ecliprick 1n 
the Cuſpiſes of the ſeveral Houſes, So that to Ere& a Fignre according to Campanus 
Way, you muſt de as followeth. vis. | 

Prattice.] You muſt firſt ſer the Globe to the Latizude, bring the Suns place at noon 
for the day given to the Meridian, and the Hour-index to 12, and the Circle of Po- 
ſition to the Exſ-fade of the Horizon; then turn the Globe about will the Index pane 
at the given bour, and then fix the Globe. Thus far as in the former way of Regi0- 
montone ; and the Cu/p;/es of the Firſt, Fourth, Seventh, and Temth Hoſes will be the 
fame as in his way. Bus now to proceed according to Carpenur. | 

The Globe and fixed in this Poſition, bring the ow of Altipuge to the 
Zenith, and there fix it; and bring the lower part of the Quadrort of Altizage to the 
Eaft-point of the Horizon, and there keeping of it fixed : | 

1: Elevate the Circle of Poſition, till it cut 3o deg. of the Lwuadrant of Alritude, and 
then ſee what degrees of the Ecliptick are cut by the Poſition Circle, which you ſhall 
—orfgy be 22 deg. of 4ries; which point muſt be ſee upan the Cu/ps of the Twelfth 

ouſ[e, 
2. Move the Circle o ion yet 30 deg. higher upon the 2usdrant of Altitude, 
namely, to 60 deg. ui grmkonn By ds lee So degree of the Echptick 15. 
cut thereby, and you ſhall find that the Poſition circle cuts the Ecliprick 1n 12 deg. of 
Piſces, which muſt be tex upon the Cuſpis of the Eleventh Kouſe. 


The Meridian cuts the _ in 25 deg. of 4quarizs, which is ths Cu/ps of the 
Tenth Houſe, or Mid-heawen, as & «4 Re 
3. ” 
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2- Remove the Circle of Poſition, and allo the Quadrant of Altitude, trom the Eaſt 
to the Weſt-/ide of the Horizon, and there move him from the Meridian downward, 
till. 30 deg. of the Quadrant of Altitude be intercepted berween the Zenith and the 
Circle of Poſition, and then ſee where the Poſttion-circle cuts the Ecliptick, which will 
be 1n 12 a of Aquarims ; and thoſe degrees muſt be fer upon the Cu/ps of the 
Ninth Houſe. 

4. Let down the Circle of Poſition 30 deg. more upon the Quadrant of Altitude, 
that is, 69 deg. diſtant from the Zenith, a then look what degrees of the Eclip- 
tick are cut by the Poſirion-Circle, which you will find tobe 28 deg. of Capricorn ; which 
degrees mult be ſet upan the Cuſpzs of the Eighth Houſe. 


The Cuſpis of the Seventh Houſe is 09 deg. 29 min. of Capricorn, being the Inter- 
ſe&tion of the Weſt-fide of the Horizon with the Ecliprick, as before. 


And by this Artifice you have obtained the degrees belonging to the r, 22, 11, 
10, 9, and $ houſes above the Horizon, according to the way preſcribed by Campe- 
aw : Now the other Six Houſes under the Horizon, viz. the 2, 3, 4, 5, 6 and 9, arc 
eafily found, they being the oppotite Points of the Ecliptiok eds Six above the Ho- 


FIRORW. "9, 
d. m. 
I Cancer oO 29 
- yo2e- - Aries 22 © 
Ti he, rep bk OE 3 2 
9 Aquarius 1 -0 
bo Capricorn 28 © 
7 Capricorn oO 29 
6 'Þ Libra 20 Q 
The Cuſps J5\,, ©. = Wirgo 12 © 
"XX 9 
2 Capcer 28 o 


And thus have you the Cuſpiſes of the ſeveral Houſes according to the way pre- 
ſcribed by Campanus ; which Figure having the Plenets placed therein, will ad © 
n the following Scheme. | 
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Nl. To Ereft a Figure of Heaven for the forementioned time, viz, 
March 10. 1675, at 49 min. after 9 in the Forenodn. 


According to Alcabitius. 


Defini- Leabitizs would have the XII Houſes of Heaven to be divided by Domi. 

tion. | fying Circles , or Circles of Poſition drawn' from the Poles of the Worl4 
through every 3oth deg. of the Equator, beginning at the point of the Ecliprick 
Aſcending ; and (o counting 30 deg. upon the Equinettial from thence, ſhall be the 
Cuſpiſes of the ſeveral Houſes. Wherefore, to Ere&t a Figure according to this 
mode, do as followeth. 

Prattice, } You muſt Refifie the Glube to the Latitude, bring the Suns place at 
noon to the Meridien, the Index of the Hour-2heel to 12 at noon, and turn the Globe 
about to the hour given, and then fix it ; fo ſhall the Aſcendent be the ſame as in the 
two former ways, viz. oo deg. 29 min. of Cancer. 

Then look what Meridian paſſeth through the Aſcendent, and count 30 deg. more 
upon the Equinoial ; and that Meridian where it paſleth through the Ecliprick ſhall 
be the Cuſpx of the Twelfth Houſe ; and 3o deg. forwarder that Meridian ſhall cur 
the Ecliptick in the Cuſps of the Elevemrhb Houſe, and fo onward till You come to the 
Cuſps of the Deſcendent. And thus, 

If from that Meridian which pafſeth through 09 deg. 29 min. of the Ecliprick, 
you count 3o deg. more upon the Equino#ial, you ſhall find that 


d. m. 
Firſt YT Meridian of 304 © 29 Cancer, 
Second deg. diſtant\ 2 29 Gemm, 
Third from the A/ſ- J 2 29 Taurm, 


The YFourth cendent, will Y © 29 Aries, 
Fifth cut the Eclip- J28 29 Aquarius, 
Sixth rick in 258 29 Capricorn, 


I 

| [2 
Which are the J11 
Cuſps of the Yio 

3 

8 


houſes. 


And the oppoſite Signs and Degrees of the Ecliptick ſhall give the Cuſpiſes of the 
Six other under the Earth ; namely, of the 7, 6,5, 4, 3, and 2. ans chus your 
Figure being erected, and the Planers placed therein, you will find it to be as in the 


follqwing Scheme. 


Lat. N. 51 d. 30 min. 
A Figure of Heaven at 


' the Suns entrance into 
Aries, March the 10th | ? 4 
I 6.7 5. ONE 


%V 17 lat 49 min. after 9 in the]: 
Forenoon, according to 
ALCABITIUS. 
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IV. To Eref a Figure for the fare-mentioned time, viz, March 10: 


1675. at 49 min. after 9 in the Forenoon, the Sun then entering 
Aries in the Meridian of London. 


According to the way preſcribed by Prolomy. 


=P 


through every 3oth deg. thereof from the A/cendant downwards, round abour. 


Tolomy adviſerh that the Heavens ſhould be divided into 12 Houſes or Man- 
ſions, by Domifying Circles drawn through the Poles of the Ecliptick, and 


Wheretorc to Erect a Figure of the Heavens according to this way of Prolomy, 


do thus. 


Praftice.] Redtifie the Globe and Hour-circle as before, and you ſhall have the ſame 
Aſcendant, viz. 00 deg. 29 min. of Cancer to Aſcend, which 1s the Caſps of the Firſt 
Heſe ; then 3o deg. forwarder, downwards, will be oo deg. 29 min. of Leo, for the 


Cuſpus of the Second Houſe, &c. 


And ſo a 


So the Cuſ- 
pa of the 
And 


the Cuſps 
of the l 
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29 Piſces: 
29 Aries. 

29 Taurns. 
29 Gemmi. 


Figure Erected for the forementioned time, according 


ption of Prolomy, and the Planets placed therein , will appear as in 


Scheme or Figure. 
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; And thus have I ſhewed'you the manner of EreQting of a Figure of the Heavens 
according to the Preſcriptions of the four forementioned Authors, and have placed 
the Planets, Dragons-head and Tail, and the place of Fortune in each of them: þ 
which you may ſee, that according to theſe four Varieties of EreAions, the Planets 
keep not in the ſame Houſes, as by the following Synp/i appears. For, 


OE IIS 


| Þ Laccor. to [aCccor. to{accor. tO Accor. to 
| Reg tomon. Campan. | Alcabit. \Prolomy. 
Hats TH Wn EK AY. 
Fupier | VI VI VI I | 
Mars Xit | |xutl [x0 | (x0 
Sol © Xl XL [OX Ix : 
Venus |. |1X BLIIX > =|VIII I. VII S- 
Merewy | [XI >E]XL| ©|x Pax f.S 
Lone | |vin| =lvi} Sjvu [SE v0 [= 
Dragons-tail | Hg VII = VI VI 
Dragons head I [ [ I 
Pars of Fore. } XIE J) XII} IJX 3 IX ) 
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Having the Longitude and Latitude, or the Right Aſcenſion : and 
Dedination of a Star , Planer, or Comet, how to find the 
Place thereof upon the Globe, and to inſert it therein if need re- 
quire. | | 


'7 Hat the Longitude, Latitude, Right Aſcenſion and Declination of a Star or Pls- 
| net 15; you have heretofore defined ; and in the Iaſt Problem you are taughe 
how to Ere# a Figare of the Heavens Four ſeveral ways. Now if you would ſee (up- 
on the Globe'it ſelf) in what Houſe any of the Planets are, without Erefting a Figure, 
you were beſt to make Marks, or ſet Charaters of thoſe Planets, Comets, or the hike, 
_ the Globe, before you delineate your Figure upon Paper; which to effec, do 

us. 


I. By the Longicude and Latitude giver. 
If the Latirxde of the Star, Planet, or Comet 


« __, CE MORE North-pole iN the 


Globe to 
Southward the 664. 30m. 


then will the Pole of the Ecliptick be in the Zenith, and the Ecliprick circle will lien 
the very Plain of the Horizon ; in which Poſition of the Globe, ſcrew the Quadrar 
of Altitude in the Zenith, over the Pole, of the Ecl:ptick. This done, bring the 
point of Longitude of the Planet in the Ecliptick to the Quadrant of Altitude, and count 
the Latitude of the Planet upon the Quadrant, and under the degree of Laticude ſhall 
be the point upon the Globe 1n which the Planer or Star in the Heavens 15. . 
And fo the Longitude of the Seven Planets being as it is expreſſed in the following 
Table, ſuch Longitude and Latitude they had at the time of the Erection of the former 
Figure, March 10.1675, at 49 min. after 9 in the Forenoon. Now, if you find 
their reſpe&ive Points upon - Globe (as I have now ſhewed you how to do) you 


Somtb-pele 


- may then, not only ſee in what Houſe each of them ſhall be, but allo what Fixed Srers 
are there, and what Fixed Stars arc in the other Houſes allo, 
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II. By the Right Aſcenſion and Declination given. 


Suppoſe a Star, Planet, or Comet to have 147 deg. 43 min. of Right Aſcenſion, and 
13 deg. 33 min. of North Declination, as the Star Regulus, or the Lien's Heart hath, 
2nd you would find its place upon the Globe ; 

Count 147 deg. 43 min. the Star's Right Aſcenſion upon the Equino#ial from the 
beginning of Aries, and bring that point of the Equino#ial to the General Meridian ; 
and keeping the Globe there, count 33 deg, 33 min. the Star's Declination upon the 
Meridian upwards, (becauſe the Star's Declination is Northward,) and that point ſhall 
te the place of Regu/zs upon the Globe. And thus may any part, or point, in the 
Heavens be found upon the Globe, if either the Longirude and Latitude, or the Right 
Aſcenſion and Deelinazeon of that point be firſt kgown. "IE Et 


we 
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To know in what Houſe, or under what Circle of Poſition, any Star, 
Planet, or Point of the Ecliptick #. 


Ectifie the Globe to the Latitude, the Quadrant of Altitude to the Zenith, the 
place of the Swz in the . Ecliptick to the Meridian, and the- Ropr-circle to 12 ; 
then turn the Globe about to the hour given, and bring the Quadrant of Altitude to 
the Eaſ# or Weſt points of the Horizen, and there fix the Globe : Then move the 
Circle of Poſition upwards, till it couch the Srgr, Planer, ar 'other Points of the Eclip- 
ik, which you delire to know the Circle of Poſition of, then ſhall the Poſtion-gipcle cro(s 
the Quadrant of Altitude 1n the number of- Circle of  Pofition 11 whi Star, 
Planet, or other Point of the Ecliptick is. To TERED " * 
Thus. If at che time of the Ereftion of the former Figere it wer Tequired 
know in what Circle of Poſition (or houſe) the Pleiades or Seven Stars were; Reftibe 


the Glebe as before, and bring the Poſition-circle to the Pleiades; chen-ſhall the Circle af 


Poſition cut the Quadrant of Altitude 1n 42 deg. and undeer that Circle of Poſition is the 
Pleiades or Seven Stars at that time, __ ſo conſequently un. the X10 Houſe. 


I might here ſhew how to find the place of the Thing which Aftrologers call the Parc 
' of Fortune. Alſo how (as they call it) to Dire&# 4 Figare, and to find out:Reme- 
lations, &c- But foraſmuch as theſe things are not 10: Mathematical as toirequire 
a Globe, or other Mathematical Inſtruments, either to Demonſtrate them by;:.or. 
caſe the Operation ; I ſhall refer that have occaſion for ſuch things,: to: the 
Aritbmetical working of chem by the Pen, as moſt conveaucnt, and reſerve: che 
Globes for other purpoles. {bees 
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CHAP. I. 
Of Spherical ProjeQtion in General. 


SPHERE or GLOBE, which is the beſt IÞfrument to inform the 
Phanſte (may appear by what hath been already declared in the Deſcrip- 
tion and Uſes thereof in the firſt part) yet it hath its Inconveniencies in 
the reſolving of Problems or Lueftions thereby ; and therefore, for ſuch 
Purpoſes, ſeveral other Inffriments ( leſs cumberſom) have been by di- 
vers Perſons invented for the ſolution of Affronomical, Geographical, and Namtical Que- 
ftions, or Problems, which are of daily uſe with Moathematicians and Mariners: As the 
Plamſphere of Gemma Frigius 4, afterwards improved by Fohn Blagrave of Reading ; the 
Aſtrolabe of Fobn Stophler ; the Analema ; and of Cylinders, Rings, Puadrantr, &c. an 
infinite number: All which Infrumens, are either real Projetions of the Sphere; or | 
Parts of. Proje#:ons thereof. But to paſs by theſe (and ſuch like) I ſhall here declare | 
the manner how to proje# the TE (in Plano) upon the Plain of any Great Circle 
thereof: By which, not only Queftions concerning Aftronomy, &c. may be reſolved ; 
but alſo how Spherical Triangles may be laid down or projedted, and the Sides and 
Angles of the ſame meaſured, anſwerable to any Problem propoſed ; and allo declare, 
how many ſeveral Lzeftions will ariſe from any Spherical Triangle (Right or Oblique 
angled) ſo projected. 

Now to 4 the Sphere in Plano, 15 to deſcribe upon a Plain the Circles of the 
__ or Globe (it being ſituate in any Poſition) in ſuch ſort, that the Lines and Circles 
o deſcribed, ſhall perform whatſoever the Globe it ſelf can, it being in that Poſition: 
And the Varieties of Politions that a Globe or Sphere may be looked upon, are but Three, 
Viz. Either 1. Perpendicular; 2. Dire; or 3. Obliquely to the Eye. 

I. Perpendiculer : A Circle is ſaid to be perpendicular to the fight, when the Superti- 
cies of it 1s parallel toit: As ſuppoſe the Eye to be placed in any part of the cdge of 

a rownd Table, and thence to behold the whole Superficies of that Circular Plain ; then 
- the Superficies of that Circular Plain parallel, and the Circle it ſelf Perpendicular to the 

ye. | 


2. Duet : 
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' 2. Diretl: A Circle 1s faid to have a Dire## Aſpe& to the Eye, when the Superf. 
cies of it is direly oppolite to it ; interſeRing che ſuppoſed Line from the Eye to 
the Centre of the Circle, at Right Angles. 
3. Oblique : A Circle is ad to have an Oblique Aſpe# to the Eye , when the ſuper- 
kcies of 1t 15 neither Parallel with, nor Oppoſite to the Viſual Line, but interſeReth it 
at Oblique Angles. 


Now, how a Circle ſeen by the Ee in any of theſe Three Poſitions, may be proje- 
Hed in Plano, ſhall be explained in the Three following Problems. 


PRoB. TI. 


pon a Plain to Proje&t a Circle, which 3s Perpendicular to the Sight ; 
and to meaſure the parts thereof, it being ſo. Projefted. 


Fig. | : : Fig. I. 


Circle 1n this Poſition being Proje#ed will become a Streight Line, and may (up- - 
| on either hand) be extended infinitely: As, | 
Let ABCD be ſuch a Circle, in the edge whereof let the Eye be placed in A, 
the Diamerer B D being extended infinitely on both fides to F and G : Or farther 
this Right Line ſhall be che Proje#ion of the Circle ABCD, and may be diſtingu 
into Parts un this manner; Divide the Circumference of the Circle into any nu of 
Parts, ſuppoſe Eight, 'at che Points. H, B, I,CC, K,,D, and: L, Lines drawn from A 
(the place of che Bye) through theſe Points, ſhall cut the Projefed Line FG, in the 
Poines F, B, O, E, P, D, G, and the ſtrejight Lines FE, BE,-and OE, ſhall be che 
Projetion of the Arches HC, BC and IC, and. theſe Arches are the double Mea- 
fares of thoſe Lines; being the double Meaſures of the Angles at A, and EF being a 
Tangent Line anſwerable to the Radius of the Circle AE, which is the Radius of the 
Circle by which theſe Angles are meaſured, the Lines EF, EB, and EO, are the 
Tangents of thoſe Angles FAE, BAE, and OAE. Now becauſe the Tangent of 
go degrees cannot be limited, therefore a Circle thus projeFed will become an Infinite 
Line. And what is here ſaid of the | 


EF - EG 
5 *EB | Lines JeD 
.CEO | the one = * iCEP 


I 

> ſameisto beunder- 
F AE | ſtood of the GAE 

Angles eB AE ongln SDAE | 

OAE) CPAE3Z. 


on the other 
fide, 


Pxo 8B. Il. 


Upon a Plain to Project a Circle, which hath a Dirett Aſpet to the Eye and 
to meaſure the Parts thereof, it being ſo ProjeRed. 


A Circle in this Poſition being projeed, will be a perfe& Circle: Thus in a Globe, 
if the Pole of the World were elevated to the Zenith (204 ſo making it a Paral- 
ll Sphere) and the Eye pofited in that Point, all the Circles berween the Pole and the 
Enna are in this Poſition perfe Circles, and alfo Parallel one to the other; and 

their Centres meeting in one Axis or Radius, they being projefied will all meet in 
one Point, namely in E. | 

Fig. L | 

Let ABCD be a Fundamental! (or Primitive) Circle (for ſo, hereafter, I ſhall call 
the outermoſt and perfe&t Circle comprehending the Proje#ion). It you open your 
Compaſſes to any extent leſs than the Radins of the Primitive Circle EC; as ſuppoſe 
EM, a Circle drawn upon the Poine E, at the diſtance EM, ſhall be the Prijecties 
of that Circle ſo polited, the Parts whereof are correſpondent to the Parts of the 
Primitive Cirete ; that is, the 4rcb NM in _— Circle, 1s equal to the Areb IC in 
the greater ; for it contains the ſame number Degrees. : 

| Fft 2 PROB. 
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PRo 8B. III. 
Tpon a Plain to Projet a Circle, which hath an Oblique Aſpe& to the Eye. 


Circle in this Poſition being projefed, will be the Arch of a Great Circle of that 

Sphere upon which 1t 1s projefted; n the Deſcription of ſuch a Circle, the greateſt 
difficulty will be to find the Centre of it; for which, ſometimes there are bur Two, 
ſometimes Three Pomts given: When there are only Two Points given, a Third myſt 
be found ; which how to find, 1s taught in the 63 Problem of' the Second Book of 
Plain Geometry: And when Three Points are given, that is alſo caughe in the 23 Geo- 
metrical Problem concerning the Deſcribing of the Oblique Circles ; as alſo, How to Mea- 
ſure them being deſcribed; 1 mult refer to its due place, for that ſeveral other Precog- 


nita are not yet taught. 


- — _— 


CHAP. IL 


Of ſuch Circular Scales as are to be inſcribed upon a 
Ruler (or Seffor rather) for the more eafie ProjeCting 
of the Sphere in Plano, and for divers other Pur- 
poſes, with. the Gonſtruftion or Making of the ſame. 

ES, | | 


J Call them Circular Scales, becauſe (though they be Projeted. upon a Ruler into 
Streight Lines) yet they are all of them deduced from a Circle ; as by the Fa- 
brick or making of them will appear. | 

Now the Scales that I would adviſe to be ſet u 2 Ruler (or rather a Sefor) as 
moſt commodious, not only for Projefing of the Sphere in Plano, but for infinite 
other good Uſes (as ſhall hereafter be taught) are theſe following, vis. 


1. Chords to go degrees, of ſeveral Radiwſes, Y 
[2 Right Smes to 


3. Secants extending to 75 deg; at leaſt, | IEEE 


| 4. Tangents to "5d | 
; 5 dep. | 
A Scale of< a Hel Tangent: to90 deg. equal to 45 of the Whole Tangent, © ſame Re 
6. Verſed Sines to 180 deg. | dine, 
*, Rumbs to Eight Points, 1 
LS. Equal Parts into 20, 60, 100, Oc. | 
To theſs may be added, 
| A Meridian Line. 
A Line of Longitudes. 
Chords to ſeveral Radiuſes. 


£ 


The Fabrick or Geometrical, Conſiruftion of theſe Scales, as they are 
| deduced from a Circle. 


Fig. IL 


1. JFPon a Sheet of fine Paſtboard, or ſuch like Matter, ' deſcribe 2 Semicircle of 
any Radizs or Semidiameter whatſoever, as OR ; {this in the Figure is made 

to two Inches and a half Radiw, as OR, that is five Inches the whole Diameter ' 

VS: And to that Radiav are all the following ProjeRions drawn. ] av 


7 
PA O/ _ E| Bb. ” | 
F B p J * des 7 
Pak AT 
I we - 
>] 
E Theſe Scates, or Soto [: 
| | as alſo all other Mathe : 
 matucall Inſtruments, — 
are made 17 Stver, Braſs, 
Sl [{>-0rv, or Wood, by 
& Henry Wynne,m — 2 
FN [Larne neer the Rowls . | 
DE. mpptan : | 
ER” 
br 
RT ls 
&; 
hn | 
XY Sos 
F;a.1 : Ry [- Ig TEJ : * 
19-W. rongitudes FESSS88 | 
E p © ; _ > 5 l J® © © 
CM | T7 : — / 
; ; E > at , a 
5 A; $i RR "2h ] ES 5 "2 d 
ANY Y *N 
, N | 
Fo: Pts Mules : 
I V 


_ h 
Ver/ed P AOrmes 


Agam/t Page 397, wee to Fold out. 


"ey | ru Kt OY Py & ie 4 y at RY atone. v3 


—m— 
—— a. "—_ 


Part I.  Praftical AS'TR ONOMY. 397 


Having drawn a Right Line VS, upon the middle thereof at O, and at the di- 

tance OR ; deſcribe the Semicircle VRS; then is OR the Radius or Semidiameter, 
and VS the Diameter. | | 
| 2. Divide the two Quadrants OVR and ROS, each of them into 90 equal Parts 
or Degrees, beginning at V and S, and aſcending upwards towards R, numbering 
them by 10, 20, 39, &c. togoat R, as in the Figure. 
} . If you draw Right Lanes from 10 in the one Quadrant, to 10 In the. other, 
and from 20 in one, to 20 in the other, and fo up to go at R, they will be Lines 
paralle] to VS, and will cut or divide the Line OR into 9o unequal Parts, and fo cre- 
ate OR a Line of Right Simes. | | 

4 Upon the Point S, ere& a Perpendicular to VS, as ST, then, if from the 
Centre O, you draw Right Lines through every tenth degree of the Quadrent, you 
ſhall divide the Perpendicular Line ST imto unequal Parts, at the Points 10, 20, 
zo, &c. up to T, and farther, if the length of the Ruler will permit. So ſhall the 
unequally divided Line ST be a Tangent Line, 45 degrees whereof is equal to the 
Radius, or to the whole Line-of Smes OR. 

5. If from the Centre O, and through every tenth degree of the Quadrant, you 
draw right Lines to the Tangent Line, thoſe Lines ſhall be Secanrs, as the Line OEL 
(drawn through 60 deg. of the Quadrant SR) 1s the Secant of 60 deg. And the Line 
drawn from O, through 5o in the Quadrant, to 50 1n the Tangent Line, is the Secent 
of 5o deg. and ſo of the reſt, which Scales of Tangents and Secanrs lat be extended 
to75 deg. at leaſt, or farther, if che Ruler will permit. And theſe Secenrs may be 
transferred from the Tangent Line ST, to the Secant Lino OE, or RE rather, becauſe 
the Secants always begin where the Sines do end. 

6. The Line VS, which is equal to twice OR, the Line of Sines, « the Line of 
Verſed Simes, and 15 no other than the Line of Right Smes doubled, as you may plainl 
ſee, _ it is 2umbered from V by 10, 20, 30, 40, Oc. towards S, ending at S wit 
180- deg. 

7. Draw the Line SR, and with one Foot of your Compaſles placed in S, open 
the other to $o in the Quadrant SR, and deſcribe the lutle Arch 80, 8o, cutring 
the Line SR in $o ;; do the like for 950, 60, $0, &c. (o ſhall the Line SR be divided in- 
to 90 unequal Parts, and become a Line of Chords, 60 of whoſe degrees are equal 
tw the whole Line of Sines ; and ſo from S to 60 deg. is called the Redias of the Line 
of Chords, it being equal to the Semidiameter of the Cucle OR. 

8. The Line of half Tangents, is no other than the Tangent of 45 deg. _ 
s equal to the whole Line of Smes) doubly numbered, that is Five deg. are 10, 
Ten 20, Twenty 40, Forty 80, &c. | : __ | 

9. There is mention made of a Scale of Rumbs, which is nothing elſe but a Line 
of Chords, divided into Eight unequal parts as the Scale of Chords is into go. and 
thoſe ſubdivided into Halves and Quarters an{werable to the Eight Poimnes, half Poines, 
and Quarter Poings, of one Quarter, of the Mariners Compaſs. This Scale is in the 
Figure noted with V R, and is made by dividing the Quadrant OUR into Eight 
equal parts in the Points 1, 2, 3, 4, 5, 6, 7- Then ſetting one foot of the Com- 
paſſes in V, extend the other to 7, and draw the Arch 5, 9. do the like fram V to 
L 6, 6, &*c. ſo ſhall the Line V R be a Scale of Rumbs. | 
Fr 10. There 1s alſo mention made of a Scale of Longitrades, which in the Scheme is 
7 noted with R M, and 15 thus deduced from the Circle. From the Point R draw a 

righe Line R M, parallel to V O; then ſetting one foot of the Compalles in R, 
extend the other to V, and deſcribe the obſcure Arch V M, fo ſhall the Scale of 
Lowgitudes begin at M ; then keeping one foot of the Compaſles ſtill in R, extend 
the other to 10, 20, 3o, 40, 50, 60 degrees of the ant, and draw the obſcure 
Arches 10, to —- 20, 20 30, 30, &c. to 60 degrees ; ſo ſhall the Line M R 
5 be a Scale of Longitudes. . 
7 11. For the Meridian Line, that will not be divided from the Circle, wherefore 
bs the conſtruction thereof mult be referred to another place, where we ſhall have oc- 
caſion to make uſe of it : For in the Proje&ing of the Sphere m Plano (which is the 
matter now in hand) the Scales of Chords, Sines, Secants, Tangents, and Half Tangents 
x ſufficient : The other Scales properly belong to Nawigatios ; of which here- 
er. | | ; 
12. The Line of Equal Parts, whoſe diviſion is into 100, (equal to the Radius - 
of the Sine: and Tangents, were beſt to be drawn the whole lengrh of the Ruler, or 
de made a Diagonal Scale on the other fide of the Ruler : but theſe things are - the 
| 1 
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circle. Theſe Circles - thus drawn, let the outermoſt BC D E repreſents the Ge- 
neral Meridian, C the North-Pole, E the South-Pole, and B A D the Equinodiial; C AE 
the Equinottial Colure and Prime Vertical Circle, or hour of Six. 

Secondly, From your Scale of half Tangents take 15 deg. (one hour's diſtance ) 
and ſet them upon the Equinoctial from the Centre A, to 15 on either fide co- 
wards B and D. Allo take 3o deg. ( which is two: hours diſtance ) and ſer them 
from A on both fides to 3o and 3o towards B and D, do ſo with the Tangents of 
| 45, 60, and 75 deg. which are whole hour diſtances : But inſtead of 'taking 15, 30, 


45 d. &c. out of the Scale of half Tangents, you may it you will ( and that is 
better) take the half Tangents of 5, 10, 15,20, &c. ERA 

Thirdly, Thoſe hour Circles muſt all of them paſs through E and C the two Poles 
of the World, and muſt cut the Equine#ial B D at right Angles in the Points 15, 
20, 45, Oc. and for the drawing of them, you muſt out of your Scale of Secants 
take the Secant of 15, deg. (which 15 the Secant complement of 75 deg. ) and ſer it 
from 75 to 3o upon the Equinodtial Circle on both Ges, ſo ſhall 30 and 3o, be«he 
ewwo Centres for the 'firſt hour diſtance from the Meridian on both ſides, namely 
of E 75 C——»- Allo for the ſecond- hour's diſtance, take the Secant of 30 deg. 
(which 15 the Complement of 60 deg.) and ſet it from 60 to 60 on the Equine&#ial 
Line. So ſhall 60 and 60 be the two Centres for the two ſecond hours from the 
Meridian, namely of C 60 E, and E 66 C Likewiſe for the third hour di- 
ſtance, take the Secant of 45 deg. (which 1s allo the Complement of 45 deg.) and 
ſet ic trom 45 to D and B, fo ſhall D and B be the Centres of the two hour Cir- 
ces E 45 C, and C 45 E ——- Again, for the fourth hour, take the Secant of 
60 deg. (which 1s the Complement of 30 deg. ) and ſet it from 3o and 3o on both 
fides upon the Equmottial, extended to F and G; ſo ſhall F and G be two Centres, 
whereby to deſcribe the two Meridians (or haur Circles) E 3o C, and C 3o E. — 
Do the like for the Secant of 75. &c. And'if you ſhould put the: Meridians on by 


% 


Jo, 20, 3o deg. Cc. the Secant Complement 1s always the Centre. 
_ Fourthly, 'The Merid:ans (or hour Circles) being drawn, the next thing - to. be 
done is to draw the Parallels of Declination, and they are all ſmall Carcles parallel to 
the Equino&ial BD. And to find the Points through which they muſt paſs, cake out 
of- your Scale of half Tangents the half T of 40, 29, 39, &c. deg. and 
ſe them upon the Equino#ial Colure from. A, both'ways, to 10,20, 30s Oc. towards 
E and C. —.s Theſe Points being found upon the Colure, C E, Out of your 
Scale of Tangents take 10 deg. (the Complement of $o d. ) and ſer it from $o to 
_ 6, (upon the Line E C cxtended; ) fo ſhall c be the Cencre of the Parallel of $o: 
alſo take 20 (the Complement of. 50) out. of the Scale iof .Tangents, and ſer ic from 
"0.to d, ſo ſhall 4 be the Centre: of the:-Parallel of yo' deg. And fo of all the 
reſt. ————— And in this nature may the two Tropicks be inſerted ; for the half 
Tangent of 23 d. 3o m. being ſet from A to @ and, 6; ſhall give the points a and 
þ, through which the Tropicks muſt paſs, and the Tangents of 66 deg. 30 m- (the 
complement of 23d. 3om.) ſer from @ and +, upon the Colure E C extended, 
will be the Centres whereby co deſcribe:the two Tropicks ©. © and W þ WV. 
Fifthly. A Right line © A © being drawn between the two Tropicks ſhall: be 
- the Ecliprick, which muſt be divided and numbered according as the Scale of half 
Tangents, but into Sines of the Zodiac, as you ſee in the gare.. | = 
 Sixthly, To this Proje&on there ought to be a moveable Horizon, which will make - 
the Projetion' Univer/al, which Horizon muſt be the full length of the- Diameter B D, 


WS 7 


F, | and muſt be divided and numbered. as the Scale of- half Tangents is: divided, and as 
3 you ſee in the Figure : And this Horizon 15) to turn about upon the Centre: A. and 
therefore 1 call it moveable. a br cioihc! 25 
F | Some Uſes of this Projetion. OO . 


I. How to fit the Projefion for Uſe in any Latitude. 
» 


” If you would fi: this Projeftion for Uſe in the Latitude of 40 degrees North, 

count 40 deg. upon the Meridian (or outermoſt Circle) from 'C towards D, and 

thither bring the moveable Horizon, which being there fixed with a bit of Wax, a 

| Xrew, Or the like, the Projection will be fitted to perform many Spherical Conclu- 
hons in that Latitude, a few whereof ſhall be here delivered. i 

. What 
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liberty of the Maker or Owner ; and therefore let this ſuffice for the ConftruRion 
of the Scales upon the Rwler , only in ſome ſpare place thereof, let there be two 
Lines of Equal Parts, each equal to the Radius O R; the one divided into 20, and 
noted with L for Leagues ; the other into 69, noted with'M for Miles. 

And here note by the way, that the Five Scales firſt mentioned, wiz. Chords, Sines, 
Secants, Tangents, and Half Tangents, are all that are needful in Spherical Projection; 
and therefore I would adviſe to have thoſe Five put upon one Side of the Ruler, with 
a Scale of Equal parts added : As for the other Scales of Verſed Sines, Rumbs, Equal 
parts, Meridian Lane, and Line of Longirnde, they are Scales uſeful in Navigation, and 
{o may be either omitted or put on the other Side of the Ruler. 


Theſe Scales being put upon a Ruler, are fitted for all the Uſes following ; but 
whereas I have often ſaid [or rather upon a Settor | the Realon is this: For 
if you uſe them as they are upon a Ruhr, you are conſtrained to draw your 
Projettion, or other Schemes whatſoever, of the ſame bigneſs of that to which 
the Radius of your Scale is made : Whereas (if they be pur upon a Se&or) you 
may +5 467 gran Sphere to any Radius, bigger or leſs at plealure: This 1 

| thought good to intimate, before I come to ſhew the Uſes of the Scales. 


— * —_ 


CHAP. II. 


The joint uſe of the Scales of Sines, Tangents, half 
Tangents, Secants and Chords, in Projeling of 
the Sphere in Plano, both General and Parts 
cular. 


HE Sphere ma be Projected in Plano upon any Circle Great or Small, Dire& or 
- Oblique, ſhall inſtance 1n ſome few, and x Ph ſhall be both General or Parti- 
cular ; I call thoſe Geners! Proje#ions which ſerve generally for all Laticudes, as the 
Analemms, the General Aſtrolabe of Genmifrifias, afterwards _— and amplified 
by Fobn Blagrave of Reading Gentleman, and by him called The Mathematical Fewel; 
I call thoſe Projettions Particular, as are deſcribed upon the Plain of ſome particular 
Horizon, or ſuch as have a particular Horizon ahh: 90y upon them. 

By this kind of Proje&tmg of the Sphere i*» Plano, many o not all ) Spherical 
Concluſions may be performed, and true Schemes of the Sphere drawn ſuitable to any 


ec. 
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Queſtion, which will be a great help in Trigonomerrical Calculations. 


—— 


CHAP. IV, 


How to Projeft the Sphere in Plano pon the Plain of 
the General Meridian, by (ircular Lines, which will 
be a General Projection : Alſo how to fit an Ho- 
rizon - thereunto, ſuitable to any aſſigned Latitude. 


Fig. I. 


Irſt, draw a Circle BC DE, upon the Centre A, where ic is to be croſſed with 
ewo diameters at Right Angles; let the four Quadrants be divided each of chem 
into 90 degrees, beginning at C, and ending with 9o at B and D in the upper Se- 


micircle, and beginning at B and D, and ending with 92 at E in the lower cou 
oy carcle. 
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circle, Theſe Circles thus drawn, let the outermoſt BCD E repreſents the Ge- 
neral Meridian, C the North-Pole, E the South-Pole, and B A D the Equinottial; CAE 
the Equimottial Colure and Prime Vertical Circle, or hour of Six. 

Secondly, From your Scale of half Tangents take 15 deg. (one hour's diſtance ) 
and ſet them upon the Equinoctial from the Centre A, to 15 on either fide to- 
wards B and D. Allo take 3o deg. ( which is two: hours diſtance )) and ſer them 
from A. on both fides to 3o and 3o towards B and D, do ſo with the Tangents of 
45, 60, and 75 deg. which are whole hour diſtances : Bur inſtead of taking 15, 30, 
45 d. &c, out of the Scale of half Tangents, you may if you will ( and that is 
better) take the half Tangents of 5, 10,15,20, &c. SOA 

Thirdly, Thoſe hour Circles muſt all , them paſs through E and C the two Poles 
of the World, and muſt cut the Equine#ia! B D at right Angles in.the Points 15, 
20, 45, Oc. and for the drawing of them, you muſt out of your Scale of Secants 
cake the Secant of 15 deg. (which is the Secant complement of 75 deg. ) and ſer it 
from 75 to 3o upon the Equinodial Circle on both ry ſo ſhall 30 and 3o, be«he 
wwo Centres for the 'firſt hour diſtance from the Meridian on both ſides, namely 
of E 75 C——- Allo for the ſecond hour's diſtance, take the Secant of 30 deg. 
(which 15 the Complement of 60 deg.) and ſet it from 60 to 60 on the Equine&ial 
| Line, So ſhall 60 and 60 be the two Centres for the two ſecond hours from the 
Meridian, namely of C 60 E, and E 60 C Likewiſe tor the third hour di- 
ſtance, take the Secant of 45 deg, (which is alſo the Complement of 45 deg.) and 
ſet ic from 45 to D and B, fo ſhall D and B be the Centres of the two hour Cir- 
cles E 45 C, and C 45 E ———- Aga, for the fourth hour, take the Secant of 
60 deg. (which 1s the Complement of 3o deg.) and ſet it from 3o and 3o on both 
fides upon the Equinettial, extended to F and G; fo ſhall F and G be two Centres, 
whereby to deſcribe the two Meridians (or haur Circles) E 30 C, and C 30 E. — 
Do the like for the Secant of 75. &c. And'if you ſhould put the' Meridians on by 
Jo, 20, Zo deg. Cc. the Secant Complement 1s always the Centre. | 

Fourthly, "The Merid:ians (or hour Circles) being drawn, the next thing - to be 
done is to draw the Parallels of Declimation, and they are all ſmall Circles parallel co 
the Equinotial BD. And to find the Points through which they muſt paſs, take out 


of- your Scale of half Tangents, the half Tangents of .a0, 29, 39, &c. deg. and 
ſe them upon the Equino&ial Colure from.A, ways, © 10,-20, 9% &c. towards 
E and C. —— Theſe Points being found upon the Co/ure, C E, Out of your 


Scale of Tangents take 10 deg. (the Complement of $o d. ) and ſet it from $o to 
| e, (upon the Line E C extended; ) ſo ſhall c be the Centre of the Parallel of $o: 
alſo eake 20 (the Complement of 90) out. of the Scale iof 'Tangents, and ſer it from 
-0 to d, ſo ſhall 4 be' the Centre of the--Parallel of 50' deg. And 1o of all the 
reſt, ——-—— And in this nature may the two Tropicks be inferted ; for the half 
Tangent of 23 d. 3o m. being ſet from A to s and; b; ſhall give the points a and 
b, through which the Tropicks muſt paſs, and the Tangents of 66 deg. 3o m- (the 
complement of 23d. 3om.) ſet from @ and 6b, upon the Colure E C extended, 
will be the Centres whereby co deſcribe-the two Tropicks ©. © and Y þ W. 
Fifthly. A Right line © A © being drawn between the ewo Tropicks ſhall be 
the Ecliptick, which muſt be divided and numbered according as the Scale of half 
Tangents, but into Sines of the Zodiac, as you lee in the figare. "5; 2, 
Sixthly, To this Proje&ion there ought to be a moveable Horizow, which will make - 
the Projeftion Univer/al, which Horizon muſt be the full lengch of che: Diameter B D, 
and muſt be divided and numbered. as the Scale of- half Tangents is: divided, and as 
you ſee in the Figure : And this Horizon 15\to turn about upon' the Centre; A. and 
therefore 1 call it moveable. | : bt 010 = 


Some Uſes of this ProjeFtion. 


I. How to fit the Projeftion for Uſe in any Latitude. 
© 


If you would fi: <his Proje&ion for Uſe in the Latitude of 40 degrees North, 
count 40 deg. upon the Meridian (or outermoſt Circle) from C towards D, and 


nf * 
4 


thither bring the moveable Horizon, which being there fixed with a bit of Wax, a 
SXrew, Or the like, the Projettion will be fitted to perform many Spherical Conclu- 
hons in that Latitude, a few whereof ſhall be here delivered. 


I. hat 
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HI. What Declination ſhall the Sun have when he i in 29 deg, of Taurus > 


Find the Point of the 29th: deg. of Taurmw, in the Ecliptick Line, and the Pa. 
rallel of Declination which paſſeth by that Point 15 the 2oth Parallel from the Equi- 
noRial, towards C the Nortb-Pole; fo that when the Sun is in 29 deg. of Taurus, it 
hath 20 deg. of North Declination. SN | 


Examples of this Projeftion im the Latitude of 40 deg. 
The Sun having 20 deg. of North Declination, to find, 
_ I. The Sun's Meridian Altitude. 


The Sun's Declination being 20 deg. North, count how many degrees are con- 
tained berween that Parallels Interſe&ion with the General Meridian, and the He. 
rizom, Which you will find to be 50, and that 15 the Sun's Meridian Altitude. 


IT. To find the Aſcenfronal Difference. 


See how many degrees of the Horizon are contained between the Centre and the 
Point where the Parallel of the Sun's Declination-cutteth the Horizon, which you will 
find tobe 19d. 47 m. and that is the A/cen/ional Difference; which in Time is 1 
hour and 11 min. 


II. The Semidiurnal and Seminotturnal Arks. 


Count upon the Parallel of Declination, from the Meridian, how many hours 
and parts of hours are contained between the South part of the Meridian and the 
Horizon, which you will find to be 9 h. 26 m. and that 1s the Semidiurnal Ark —— 
Alfo counc how many hours and minutes upon the Parallel of Declination are con- 
tained between the North part of! the Meridian and the Horizon, which you will find 
to be 4 h. 34 m. and that is the Semmoturnal Ark. — 


Note. The Semidmrnal Ark doubled is the Length of the day. The Semino- | 


tturnal doubled 15 the Length of the Night. The Aſcenfional Diffe-. 
rence is {o much as the Sun Sers or Riſes before or after Six a Clock. 


1v. To find the Sun's Amplitude. 


The number of degrees upon the Horizon, between the Centre and the Parallel 
| -  PemoGon; are 26 d. 31 m. And that 15 the Sun's Amplitude from the Eaſt or 


VV. To find what Altitude the Sun ſpall have at Six a Clock. 


Bring the moveable Horizon to the- Zenith of the Place, and note through what 
degree thereof the Parallel of the Sun's Declination doth paſs, for that s the com- 
-plement of the Sun's Altitude at Six a'Clock : So the Sun having 20 de. of North 
Declination, that Parallel will croſs the Horizon in 12 de. 42 m. And ſuch Alutude 
will the Sun have at Six a Clock, when he hath 20 deg. of North Declination 1n the 
Latitude of 40 degrees. . 
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How to Projett the Sphere in Plano, ſuitable to any . 


aſſigned Horizon ; ſuppoſe London, whoſe Latitude 
is. 51 deg. 30m. 


Fig. IL 


CUppols a Globe to be elevated to the Latitude of 51 deg; 30 m. and/ to' be 
preſſed flat down into the Plain of the Horizon, theg will the outer Circle 
or Limb thereof, repreſent. the Horizow of London, and all the Circles contained in 
he Upper Hemiſphere of the Globe, may be artificially . repreſented within 'this 
Primitive Circle WNES; as the Meridians, :Equinoiial, Ecliptick, Circles of: Alts- 
tude, Parallels of Declmation, &c. by Circular Lines, amongſt 'which the Azimuths 
only, in this ProjeFion, become Streight Lines,: all meeting in the Center Z. :': , 

With the Radizs (or 60 deg.) of your Scale:of Chords, upon Z as a Centre, 
deſcribe the Circle N E S W, repreſenung the-: Horizon of London, which croſs: with 
the wo Diameters W E and NS at right angles in Z : So ſhall: the Centre Z be 
the Zenith thereof, N S the Meridian, and W E the Prime Vertical Circle, or Azi- 
muhb of Eaff and Weſt. yp als, f! 

Let the four Quadrants of this Circle be each of them divided into go equal parts, 
or degrees,” and numbred from N and S, towards E and W, by 10, 20, 30, &c. to 
goat W and E. E HH: Pt 

cg much for the Limb, or outermoſt Primitive Circle, now for the work 
within. . - — opens. 

Firſt, Extend the Meridian Line N S out at length, on-both fides, to B and O: 
And (becauſe the Latitude is 51 d. 3o m.,) take 2g deg. 3o m. the Complement of 
the Laticude, out of the Scale of Half Tangenis, |and ſet it from Z the Zenith toP 
ſo ſhall Þ be the North Pole of the World, diſtant from the Zemirh Z, 38 d. 3o m. 
and elevated above the North part of the Horizes NP, 51 d. 3o m. equal to the 


1 Liitude, The point P being found, out of the Scale of Srcants take the Secant of 


the Latitude 51 d. 3o m. and ſet it upon the Meridian Lize\ (extended) from Þ to 
B; fo ſhall Bbe a Centre, and B P Rad:ws, upon which to deſcribe the Circle WP E, 
which is the Howr Circle of Six, cutting the Horizon in E and W,.the Eaſt and Weſt 
Points thereof, and pafling throggh P the Pole of the World ; and this Circle is alſo 
the Equinottial Colure. | . 

Secondly, Out of the Scale of Half Tangents take the Latitude 51 d. 30 m. and 
fet it from Zto MF; ſo ſhall A be the Point'in the Meridien, thr which tho 
EquMottial muſt paſs. Alſo take. 38 d. 30 m. the Complement of the Latitude, 
our of the Scale of Secants, and ſet 1t upon the” Meridien from-X to C; fo ſhall C 
be a Centre, and C X# a Radws,, 'upon. which to deſcribe the Equino#ial Circle 
W £ E, cutting the Horizon in the Eaſt and Weſt Points, arid the Equine#ial Colure 
in the tame Points alſo, and the Ecliptick 1n the Points Y and =. 

Thirdly, Foralmuch as the Echprick cutteth the Equino#1al' on either fide thereof, 
at an Angle of 23 deg. 3o min. add 23 deg, 3o min. to 51 d.*3o m. and the Summ is 
75 deg. alfo ſubtract 23 deg. 3o-min. trom 51 deg. 3s min. 'and the remainder will 
be 28 deg. Wherefore take 75 deg. out of your Scale of half Tangents, and ſet them 
from Z, ro W. and take the half Tangent of 38 deg. and'ſer it from ZtoS ; fo 
ſhali'the two Points Y and S be the two Points in the Meridian, through which 
the two halves, wiz. the Northern and Southerm Semicircles of the Ecliprick, muſt 
pals. And now, if to 38d. 30 m. the Comp. of the Latitude; you add 23 d. 30 m. 
the Obliquity of the Ecliptick, the Summ is 62 d. the Meridian Altitude of the Sun 
when he is in Cancer ; and if you ſubtract 23 d. 30m. from 3$ d. 30 m. the re- 
mainder will be 15 d. tor the Sun's Meridian Altitude when he is in Capricorn :" Where- 
fore take 62 deg. the Meridian Altitude in Cancer;- out of your ' Scale of Secants, and 


let i from & to OF lo ſhall O be the Centre of the Northern Semicircle of the 


Ggeg Ecliptick 


Fig. IL. 


A 
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Ecliptick, noted with Y, 5,3, ©, N, ?, And the Secant of 15 deg. the Sun's p. % 
ridian Altitude when he is in , being fer from Y to D, ſhall give D for the Cen. 
tre of the Southern Semicircle of the Eeliprick, charaftred with =, m, 7, v,= 1 
Both which Semicircles being drawn, will cut the Horizon in the Points of Eaſt and 
Weſt, and the Meridian in the Points S and V. 

Fourthly, For the Dividing of che ewo Semigurcles of the Ecliprick ; out of your 
Scale of balf Tangents take 62 deg. and et it from Z. to F; ſo ſhall F be the Pole 
of the Northern Semnicircle of che Ecliprick V, ®, =; andthe ba'f Tangent of 1 qd. 
ſet from Z to G, ſhall give the Point G, for the Pole of the Southern half of the &c- 
liptick Y, VP, =, from which two Poles, F and G the Ecliprick muſt be divided in 
this manner: A Ruler laid to F, and every 3o deg. of the Primitive Circle W $S Þ 
ſhall cut the Northern Semicircle of the Echptick in che Poines &, x, S, St, . ang 
being laid to G, and every 3<th deg. of the Line, it ſhall cut the Southern Semi- 
circle in the Points mM, ©, , =, X, for the Points of the-Sun's Entrance into any 
of the Signs ; and-ſo may every fifth, tenth, or every ſingle degree of the Ecliprick 
be divi 

 Fifthly, For the two Trepi ks, which are Parallels to the Equine#is!, and do bound 
the Courſe of the Sun: The InterſeRions of the Trepicks with the Meridian depend 
upon the Equeror ; for from A 23 d. 30 m. farther ſhall be Y, che InterſeQion of 
the Sowbern Tropick with the Meridian, and from A 23 deg. 39 m. nearer ſhall 
be &, the Interſe&ion of the Meridien with the Northern Tropick. Now to find the 
Poines ® and the Meridien, do thus: From Z to AX, being the balf Tangent of 
r deg. 30 m. thereto 23 deg. 30 m. the Sun ſhall be 75 deg. wherefore, the 

Tangent of 75 deg. being ſer from Z, ſhall reach co WY, the InterſeRion of the 
Southern Tropick with the Meridian: The Interſe&ions of the other intermediate 
Parallels of Declination with the Meridian ſhall be found in like fort, by their degrees 
of diſtance from the EquinoG#ial; and they will be ſuch as in this Table. 


A Table of the Interſe&ions of the Parallels of Declination with the Meridian. 


cates. i. —t 


-: 5 4 28 cog 
74 39. [23 28 | 3023 
73 3 nt 22 A 29 3922.5 
72 2 He 21 & 329 302 5 
71 3g vRo0S5 31 3920S 
70 3 <1 32 3919 8 

69 3oNg1|8 33 3918 

{55% 39S [17.2 5 30178 

: = 67 30E > 10. =  3016® 
IR 3 S2\5E 9.36 3915.8 
$$ I4 & © 37 3914 X% 

MH 64 3 Fe: 13-3 And\ea 38 3913.5 

XZ 63 30] =S|12 E = 39 3912 $ 

TD 62 30S S179 7 40 329.11 

£61 39] 2.5 wh 2 41 3910S 

0% 30]NT JE 6 42 39 9 
59 30/gu|532 43 39] 8% 
59 3AE'S| 1% 44 39 75 
$7 3169 45 39168 

V & = 
ves 5 
= ; 49 
-- 

SY; 


Sixthly, Then for the Centres of the Tropicks, and the other igtermediate Parallels 
of Declination, they depend upon their a7 Are en the Sowtbern part of the Meri- 


dian, 


_—_—— 
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Jies, it being extended, and their diſtances from Z, ſhall be ſuch Tangents as are = 
- hibited in this Table. 


— 


A Table for the Centres of the Tropicks and Parallels of Declination from the Z.2nith, 


| De. Mi.| De. Mr. ; 
V[55 29 9 127 47, 
23,37 49 23/27 57 
22156 45 22.28 16\ 
21155 44 21125 36 
20] 4 42 20/28 59 
1953 43 1929 19 
i852 aqi| | ; 1829 42 
[- 17,51 46] 1.2 17130 5 
5 1650 . 5ol | & 1030 28 
E 15/49 N 55] [3 15/30 q $2 
o 1449 - I & 14/31 e 27 
AQ 13/482 9 1 I 3131 S 42 
£ 12/47 £2 17] | & 12132 = g 
Z 11146 £,28] |Zn1132 2 36 
I0/45 & 38] wu. 10133 & 3 
S 9446 50] |? 933 5 32 
F: 54 Fl 1 8345 2 
BS 1143 I 7134 33 
SB 6142 34 & obs ; 
oe” "198 5135 36 
441 8 4136 8 
349 27 3136 43 
2139 47 237 17 | 
i139 . $ 1133 $53 
| Equi.!z8 30 | Equilz38 35 


There is yet another way whereby Geometrically to find the Centres of the Tropicks 
and other Parallels of Declination ; tor es of the Tropicks, 


A Table of Amplitudss. _ 


Uu 

* 36}  -« 51.6 

3 13] © 2 |QO 

4 4 ES |3 | 2 

6 26] %— [4 | 
= 8 y 98 |5 = And thus have you 
9 4 Ps |} 6 | three Points whereby 
211 17] 8 |7o || todraweveryParallelof 
> 12 55] 28 18 | & Declmatios, viz. One 
S 14 33 Hwa |9 N upon the Meridien NS, 
S 16 12] 2 & [io | 5 and Two upon the He- 
19 53] 4.8 [is | ri208 Or Primitive Cir- 
S 19 31 > 2 |.2 cle ; fo that their Cen- 
9.2: | Sx WE TS rres may be found by 

SO 

22 $2| 6&8 is +6 the 23d. Problem of the 
» 214 34 to I* Second Book of Plain 
<S 26 7] 88 |16 [|S Geometry : All which 
a'23 i . © E Cemires will fall in the 
£ 29 46 EEE is | 2} Meridian NSextended. 

Go 31 _ = I9 3 

= 33 20] 58 |o |£ 

5 0g © ju Fl 

g7-.- 0 - 22 - 

35 5] 2. ſa |S 

39 50 = |S wi 

n 

Gee 2 Seventhly, 
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Seventhly, For the Hour Circles : The Point B being found to be the Centre for the 
Hour Circle of 6, through the Point B draw a Line at length perpendicular to the Meri- 
dian PB, extending it on both ſides thereof, and alſo Parallel ro WE, as the Line K BI. - 
for in this Line will all the Centres, by which the Hour Circles are to be deſcribed, fall, 
which Line ought to bz very carefully drawn. Now to find the Centres, do thus, 

Erghthly, Upon Þ (as a Centre ) at the diſtance P B, deſcribe the Semicircle ABG, 
which divide into 12 equal parts in the Points * * ” *, &c. Then lay a Ruler to Þ, 
and every of the Points '* * *, &«c. Lines drawn from thoſe Points will cut the Tax- 
gent Line KBL in the Points 3, 2, 1, and 11, 1o, 9, &c.. which are the Centres of 
the firſt, ſecond, and third Hours from the Meridian, on both fides thereof : For one 
foot of the Compeſſes being {et in 1, or 11 1n the Line BL,' and the other extended © 
to P, the Pole of the World, (where all the Hour Circles muſt meet,) it will deſcribe the 
Arch or Hour Circles of 7, and 5, ©c. And in the ſame manner may the reſt of the 
Hours be drawn, and alſo the halves and quarters of Hours, or every 5th. or 1oth. deg. 
of the Equino&ial, or more if you pleaſe, be inſcribed, by firſt dividing the Semicircle 
ABG into ſuch parts, and transferring them to the Tangent Line K BL. 

Theſe Hour Circles, if they were drawn out, would all of them paſs through Þ the 
Pole of the World, but in this place, and for our preſent purpoſe, ic will be ſufficient to 
draw them only between the Tropicks, becauſe the Sun never exceedeth thoſe Bounds. 

Laſtly, To this Proje&ion there belongeth an Index, as MHK, to move upon the 
Centre Z,, which Index is to be divided and numbred as the Scale of half Tangents is 
upon the Scale, and as you ſee done in the Figure. * 


A Synopſis of the making of this Proje&ion. 


Z P—s* 338 $3o The Pole. 

P B==Se. 51 3o Cent. Equ, Colure. 
Z K=—i* 51 30 The Equinotiial. 
A C—$Se. 38 3o Cem. _ 
V D=Se. 15 oo Cent. of Eclip. 
3 O=—Se. 62 oo Cent. of Eclip. 
Z F=3* 62 oo Pol. Eclip. 

Z G=z* 15 oo Pol. Eclip. 

Z w—=3* 9 oo Trop. Capric. 
Z $=—=xz* 25 00 Trop. Canc. 


Some USES of this Projettion. 
I. To find the Sun's Declination, his place in the Ecliptick being given. 


Seek the Swr's place in the Ecliptick Circle, and then obſerve what Parallel of De- 
clination doth croſs the Ecliptick in that Point in which the Sw is; for that is the 
Sun's Declination for that day. | | 

S the Sz being in the 29 deg. of Tawrw, the Parallel of Declination which paſſeth 
through that Poine is the 2oth. Parallel from the Equine#ial towards the North Pole ; 
and ſo the Declination at that time is 20 deg. North, becauſe the Swn is in a Northern 


Sign. 
I. By knowing of the Sun's Declination, to find the Aſcenſional Difference, 
and Time of the Sun's Rifing and Setting. 


Find the Parallel of Declination in which the Sun is, and trace it along with your 
Eye ( or with a Needle's point) till it touch the Horizon, and there ſee upon or be- 
tween what Howrs it falleth, for that is the time of the Sun's Ri/ing or Setting ; and 
- —_—— Hours and Minutes as that is before or after Six, the ſame 1s the Aſcenſional 

HF ETEeNce. 

So the Sun having 20 deg, of North Declination, that Parallel being followed to the 
Horizon, will fall at 11 Anutes after 4 of the Clock in the Morning, at which ame 
the Sun Riſes, or at 49 min. after 5 in the Evening, at which time the Swn Serrerh ; 
and the diſtance contained between the Parallels interſetion with the Horizon ; and 


the Hour Line of S, is 1 hour and 49 min. and that is the Aſcen/ional _— . : 
| . The 
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Il. The Amplstude of the Sun's Rifing or Setting. 


— 


Find the Point where the Parallel of Declination doth cut the Horizon, the Num- - 


ber of Degrees contained between that Point and the Point of Eaft or ef, are the 
Degrees of the Sun's Am?luude. | : 

So the Sun having 25 deg. of North Declination, the Degrees of the Horizon CON- 
tained berween this Parallel and the Point of Eat or Weſt, are 33 deg. 20 min. and 
| that is the Amplitude ; and ſo many degrees doth the Sur Riſe or Ser diſtant from the 
rue Eaff or Weſt Points of the Horizon towards the North, becauſe the Sun hath Norts 
Declination. | 


IV. At what hour of the Day the Sun will be due Faſt or Wee. | 


Look for the Point where the Parallel of Declination, in which the Sun is, doth cut 
the Line of Eaſt and We#t, or the Prime Vertical Circle, W. E. and what Hour it cut- 
tech, chat 1$ the Hour ar which the Sun will be due Eft or Weſt. 


So you ſhall find that the Parallel of 20 deg. of North Declination will cut the Prime - 


Vertical Circle (on the Eaſt f1de) at 5 min. after 5 in the Morning, at which time the 
Sun will be due Eafpe. And it doth interſe& ic (on the Weſt fide) at 53 min. 
after 4 1n the Afternoon, at which time the Sun will be due Weſt | 


V. What Altitude the Sun ſhall have when he is upon the Eaſt or Weſt Azimuth. | 


Lay the Index upon the Eft or Wet Line of the Projeftion, and look what Degrees 
of the Index are cut by the Parallel of Declination, for thole are the Degrees of Alki- 
tude which the Sun ſhall have when he will be upon the Eft or Weſt Azimuth. 

So the Declination being 20 deg. North, and the Index laid upon the Line of Eft ot 
Wet, the Parallel of 20 deg. of North Declination will paſs under 25 deg. 55 min. 
And ſuch Altitude ſhall the Sun have when he is upon the Eaſt or Weſt Azimuths. 


VI. What Altitude the Sun ſhall have at Six of the Clock. 


Look where the Parall:] of Declination croſſeth the Howr Circle of Six, and to that 
Point bring the dex, the Degrees of the Index which lie over that Point, are the« 
Degrees ot Altitude that the Swn ſhall haye at that Howr. | 

SH the Declination being 20 deg, North, the Index being laid over the fnterſe&ion of 
this Parallel, with the Hour Circle of Six, will have cut by this Interſeion 15 deg: 
10 min. And ſuch Altitude ſhall the Sun have at Six of the Clock. | 

And in this manner may you find what Altizude the Sun ſhall have any hour of 
the day, in any Parallel of Declination. 


VIE. What Azimuth the Sun ſhall be upon at Six of the Clock. 


Lay the Index over the Interſe&ion of the Parallel of Declination and the Hour Circle 
of Six, then the Degrees of the Limb of the Circle, cut by the Index, are the Degrees of 


Azimuth, 
So the Index laid upon the Interſetion of the Parallel of 20 deg. of North Declin- 


ties, with the Hour Circle of Six, it will cut 1n the Limb of the Horizon 57 deg. 14 m. 
if you count them from the North ; or 12 deg. 46 min. if you count t rom the 
. Eft; or 102 deg. o min. if you count them from the Sowrh: And any of theſe is the 


Azimuth at 6 of the Clock. | 


The Sun's Declination and Altitude being given: To find, 


I. The Sun's Azimuth. 


Count the Degrees of the Sun's Altitude upon the Index, and move the Index abour, 
till choſe Degrees do lie juſt over the Parallel of Declination, then ſhall the Degrocs 
cut by the Index in the Limb of the Horizon, give the Azimuth. 


So 
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So the Suh's Declination being 20 deg. South, and his Altitude 12 deg. If you brin 
12 deg. of the Index to touch the Parallel of 20 deg. of South Declination, you ſhall fin 
the Index to cut in the Limb 34 deg. from the Sourh, and that 1s the Sun's Azimuth ar 
12 deg. of Altitude. — But if you count the Azimuth from the North, it is 146 dep, 


and from the Eaſt or Weſt 56 deg. 
II. The Hour of the day. 


Count the Degrees of the -Suz's Altiude upon the Index, and move it about till 
thoſe Degrees do cut the Parallel of Declimation, and the Hour that paſleth by that 
Interſecion, is the Hour of the day. 

So the Sun's Declination being 20 deg. North, and the Altitude 12 deg. bring 12 deg. 
of the Index to meet with the Parallel of 20, and the Hour Circle under this InterſeAion 


will be found to be 6 hours 30 min. for the Howr of the day. 


Note, That in all the. foregoing Problems, whatſoever 1s ſaid concerning the 
Sun, the ſame 15 to be underſtood alſo of any fixed Star, whoſe Declmation 


- 15s known; 


s. | The {ropical! COSTInt— fo Projection 


> — 


—_ 


Parell,  Profliedt” ASTRONOML 465 


— _ - eas 


_ 


CHAP, VI. 


To Project the Sphere upon one of the Leſſer Circles ; 
- viz. The Tropick of Capricorn. 


JA LTH 69 deg. of the Scale of* Chords, npor the Oevrre P, deſcribe the Circle Fig. ILL. 
= FX for the Equindd#ial; crofs it with two Diemeters at right Arigles in 
the Centre P with = Þ yy, the Equino@ial, and A P £, the Sol/fitidl Colure, which is 
alſo the Meridian of the Place. —2. Our of your Srale of balf Tangents, take 113 deg. 
20 m. that is, the diſtance of the Tropick of Capricorn, from "The North Pole of the 
World, and ſet them upon the Meridian from P, Southward, to vw.— 3. Take the 
balf Tangent of 66 deg. 3o m. the Complement of the Sur's greateſt Declination (or his 
diſtance from the North Pole) and ſer it upon the Meridia», Northward, from P to S, 
' and at that diſtance upon Þ deſcribe the Circle for ths Tropick of Cancer.——4. Divide 
the ſpace between & and yy intotwoequal parts th the Point E; ſo ſhall E be the Centre 
whereon to deſcribe the Ecliptick Circle v 5 = vy,—5. Take the belf Tangent of 514: 
zom. the Latitude, out of the Scale of balf Tangents, and ſet it upon the Meridien North- 
ward, fromPtoR ; ſo ſhall R be the Interſe&ion of the Horizon with the North parc of 
the Meridian. —= 6, Take the Tangent of 38d. 39 m. the Compl: of the Latitude, and 
ſer it upon the Meridian, Southward, frum P to H; ſo thall H be the Centre of the Ho- 
rizon, and H R the Semidiemerer thereof, whereupon the Horizon AR B is tobe deſcribed, 
cutting the Ecliptick in the Points and =, if there be no former Error committed in 
the Work. — And thus have you projedted the Meridien, I moe Ecliptick, Colares, 
Horizon, and Tropicks; the next thing to be done, is, to divide the Ecliptick, which may 
be done from a'Table of Right Aſcenſions, but Geometrically thus ——q. Divide the Equz- 
wiial into 12 equal parts, then laying a Ruler to E (the Centre of the Ecliptick, and 
every of thoſe 12 Diviſions of the Equine&ial)) it will cut the Ecliptick Circle in the 
Pots V vm DB Amaxm 7 Was X; and acomreing as you. tek the Equine 

no every 10th, 5th, or every ſingle Degree, ſo may you. divide the Eclieick alſo. 
8. For the Azimuths, or Vertical Circles, to the Radius of the Equino#:al Circle, 
take the half Tangent of 38 deg. 30 min. the Complement of the Latirude, and ſee them 
from P, downwards, (upon the South part of the Meridien) to Z; fo ſhall Z bethe 
Zenith Point, where all the Azimurb Circles muſt concur 5 and how to proje& ther is 
in this manner :———9. Take 51 deg. 30 min. the Latitude, out of your Scale of Tan- 
' gems, and prick them down on the North part of the Meridian» from Þ to X, and 

Sroveh X draw a Targent-Line parallel co v P =, extending it infinicely on boch 
fides of the Meridian. 10. Make Z, X a new Radios, equal to 4 Tangent of 
45 deg. and on that Tangent-Line, ſet the Tangent: of 10,220, 30, 40, &c. which Points, . 
with their reſpeaive diſtances from Z the Zenith, ſhall be the Centres whereon the 
Azmuths muſt be deſcribed. — 1 1. For the Circles of Poſition draw a right Line, drawn 
through H, the Centre of the Horizon, parallel to v Þ = (the Equinottial Colure) then 
divide the South Semicircle of the Equino&#ial into {ix equal parts; a Ruler laid from P 
the Pole, to each of thoſe fix divifions, will cut the former Parallel Line in-the Points 
ab cd, and thoſe ſhall be the Centres whereby to deſcribe the Circles of Poſition. And 
'thus 15 this Proje&ion finiſhed: But an Index muſt be made to moye upon the Cenrre, 
ſuch as 1s deſcribed in the Figare. | | 


A brief Synopſis of this Projett1ion. 


P the Pole of the World, as allo of the Equinofial, and the two Tropicks. 

P »y=bealf Tangent of 113 deg. 30 m. 

PÞ 5=bhalf Tangent of 66 deg. 3o mun. 

P R==balf Tangent of the Latitude. . 

Þ H=Tangent of 38 deg. 3o min. 

H the Centre of the Horizon. | 

R the Centre through which the Circles of Poſition are to paſs; 

Þ E=Targent of 23 deg. 30 min. > 

E-the Centre of the Ecliptick. | | "0 


\ If into this Proje&tion the Parallels of Latitude to the Ecliptick be'drawn, it will be att 
abſoluce Inttrument to find the Riſing and Serring of the Moon and other Planirs 
that have Latitude. CHAP. 
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CHAP. VIL 


How to Projef the Sphere upon any Oblique Circle . 
and to find in what Latitude and difference of Longi- 
tude (from the place where the Oblique Circle de- 
viates from the Meridian and Zenith of a known 
Latitude) ſhall be an Horizontal Plain. | 


A® Great Circles of the Sphere are Horizons in ſome place of the World or other ; {6 
AJ all Plains on which Sun- Dials are made, are Horizontal-Dials in ſome one part of 
the World : And ſuch a Plain (or great Circle) which I mean here, will beſt be re. 
preſerited by the Roof of a Houſe. Now ſuppole in the Latitude of London, 51 deg. 
30 m: that the ſide of a Houſe ſhould desline from the South, Weſtward, 24 deg. 20m. 
and the Roof thereof incline towards the North part of the Horizon 36 deg. I would 
know in what Latitude, and how much differing in Longitude that part of the World 
i5, in which this Oblique Plain to the Meridian and Zenith (or Horizon) of London, will 
be an Horizon. | 

"City drawn a Primitive Circle HX OD, to repreſent this Oblique Plain (or Cir- 
cle). WES 

I. Draw a Diameter H O, crofling it with the Diameter CF at right Angles in Q. 

2. Take the half Tangent of the Plain's Inclmmation, 36 deg. and ſet them trom Q to 
Z; ſo ſhall Z be the Fenith of Londen, and Q of the place enquired. | 

3. Take the half Tangent of 54deg. the Complement of the Plains Inclination, and 
why fromQtoB; fo thall B be one Point through which the: Horizon of London muſt 


S. | | 

4. Take the Tangent 'of 36 deg. the Plain's Inclination, and ſet it from Q to C, or 
the Secant of 36 deg..and ſer it from Bro C; either of whuch diſtances ſhall give the 
Point C, for the Centre of the Horizon of Loxdon H BO. | 

5. Take the Tangent of 54 deg. the Complement of the Inclination, and ſet it from 

"FE wn aa rohngs 

6. Take 24depg. 20 min. the Declination of the Plain, from the Scale of Chords, and 
ſet them from H to c, from D to d, and fromOtoe, 

*. A Ruler laid from Z. to c, d, and e, will give the Points W, S, and E, for the 
Weſt, South, and Eaſt Points of the Horizon of Lomlen. 

8. Draw FG perpendicular to Q F, ( or parallelte HO, and extend it as far as 
you ſhall ſee requiſite. | 

9. Draw a Line through the Points E and W, (which, if you have committed no 
former Error, will paſs alſo through the Centre Q ) and extend it till it cut the Line 
FG laſt drawn, ſo ſhall the Point of Interſe&ion be the Centre of the Meridian PZS, 
Which is the Meridian of the place where the Decliming Inclining Plain in London will be 
ah Hoxizontal Plain, | 
| 1o. A Ruler laid fromW to Z,, will cut the Primitive Circle in a, from which 
Point, ſet 3$ deg. 3o min. the Complement of the Latitude of London, to b; and a 
Ruler laid from W to 6, will cut the Meridian in the Point P, for the North Pole of the 


| World. 


I1. Set 9o deg. of your Chords from b to f, and fromf tog; a Ruler laid from 
W to f, will cut the Meridian in #, for the Point where the Equime#ia! muſt cut 
the Meridian; and laid from W to g, will cut the Meridian (extended) in M, to the 
South-Pole ; and a right Line drawn through Þ Q and M, ſhall be the Axis of che World. 

12. The Equinodtial Circle muſt be drawn throngh the Points W A E; and to find 
the Centre thereof, 7 | 

13. Divide the right Line WE into two equal parts in R, and upon R raiſe the 
Perpendicular R T, drawing it forth till it meer with the Axis of the World PQM 
Cextended) in the Point T, which is the Centre of the Equinodial Circle : Or, if from 
R, through C, (the Cenrre of the Horizon) a right Line be drawn, and extended all 
i concur with the Axs of the World PQM extended, it would meet in T, the Cenrre 


of the Equino#ial alſo. : 
I 4+ Divide 


\ 
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14. Divide M P into two equal parts at Right Angles in D, and draw DG, exten- 
ding ic infinitely. 

15- Upon P, at the diſtance Þ D (or any other) deſcribe the Semicircle LDN, and 
laying 2 Ruler from Pro G, the Centre of the Meridian PZ. S, it will cut the Semricircle 
LDNinK ; at which Point K, begin to divide the Semicircle into 12 equal pages, at 
the Points © © © ©, &cc. then a Ruler laid from P, to each of thoſe 12 equal parts 
© © © ©, &c. ſhall.give the Points of the Tagents of 15, 30, 45, 60, &e. Degrees 
upon the Tangent-Lime GD, in which ſhall be the Centres of the leveral Meridians ; G 
being the Centre of che firſt Meridian from 12 of the Clock; or the Meridian of the 
Place. 

Or having a Se&or, (as formerly intimated) make P D equal to the Tawgert of 45 d. 
and ſo the Tangents of 15, 30, 45, 60, Oc. being ſet upon the Taxgent-Line GD, both 
ways from D, ſhall give the Centres of the other Meridians. 


To find in what Latitude and Difference of Longitude from London, this 
Projetlion will be an Horizontal Frojeftion. 


The Proje&ion thus finiſhed, if you take the diſtance QP in your Compaſſes, and 
meaſure 1c npon your Scale of Half Tangents, you ſhall find it to contain 72 deg. 34m. 
whoſe Complement is P X, 17 deg. 26 ni. and ut that Larztyude will this Declinmg In- 
diving Plain be an Horizontal Plain. | 

And if you lay a Ruler from P to A, it will cut the Primithve Cirelein bz and the 
diſtance N b, meaſured upon the Scale of Chor, ſhall be t 4 deg. 41 m. which is ths 
Plain's Difference of 'Longitude. "I : 

So that a Plain declining 24 deg. 20 m. and inclining to the Horizon 36 deg, in the 
Latitude of London, will be an Horizontal Plain in ſuch part of the World, which lies 
in the Latitude of 17 deg, 16 min. and differs in Longitude from London 1 4 deg. 41 m. 

Moreover, from this Proje&ion may be deduced the ſeveral Requiſites belonging ta 
ſach a Declining Inclining Plain in the Latitude of London: For, | 

1. The Elevation of the Meridian above the Horizon of London, is tepreſented by the 
Arch H A, which meaſured upon the Scale of Chords, will be found to be 69 d; 54m. 

2. The difference of Meridians (which is the fame with the Plain's difference of Longs 
tle) is repreſented by the Angle Q Þ F, whofe Meaſures, upon the Equine#ial, is t 
Arch V AZ; or upon the Primitive Circle Nh, which will be found to contain 14 deg, 

1 min. 
; 3. The Altitude of the Stile of the Dial above the Sub-/tile thereof, repreſented by 
the Arch of the Meridian P A, whoſe Meaſure is the Complement of the 4rcb QP, 
which mexfured npon the Scale of Half Tangents, will be found to be 952 deg. 34m. 
whoſe Complement P A 157 deg, 26 min. is the Alrizude of the Srile of the Dial above 
the Sub-ftile, equal to the new Latitude. 

4- The Diſtance of the Sub-ſfile from the Meridian, ey nora by the Arch of the 
Primitive Circle AX, which meaſured upon the Scale of Chords, will be found 4 deg. 
$9 m. and fo far mnft the Sub file be removed from the Meridian upon the Dial. Plain. 

5. And for the Homr-Diſtances upon the Plem, the Projettion will give you them alfo : 
For, a Reler laid from Q to the Interſe&ions of the feveral Meridians upon the Primi- 
tve Circle; Lines drawn thereby will be true Howr-Lines of ſuch a Declining Inclining 
Plam, | 
| Thos in this Proje#jon, you have (in ſome nieaſure) the whole Art of Dialling de- 
mnffrared; as I have at large ſhewn in a particular Treatiſe of Geometrice! Dialling. 


4 Synopſis of this Oblique Projeion. . 


HXOD the Primitive Circle: Or, the Declining Inclining Plain. | 
QZ=the half Tangent of 36 deg. Plams Inclination, : 
Q B=the balf Tangent of 54deg.=Co-Plains Inclination. 
QC=Tany. 36 deg. Or B C=Secant 36=Plain's Inclination, and is the Centre of the 
Hortz0n. | 
F=Tang. 54deg.=Co-Plains Inclination. | 
=D ES e=24 deg. 20 min.=the Plain's Dechmation. A. Ruler laid from Z to c, , 
4d, and e, will give W, S, and E, in the Horizon. | ; 
GF+oQPF, or || HO: | 
E W extended, gives G for the Cenrre of the a—_ A Ruler laid from W to Z, 
| | gives 
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gives  b=the Cbord of 38deg. 30 min.—the Co- Latitude. W 6 gives Þ for the Pole 
of the World : b f=b g=Chord of go deg. A Ruter | laid from W f gives K the 
Equinoial ; W g gives M the South Pole ; and PQM 1 the Axis of the World. + 

Through W #. E draw the Equinott1al Circle. | 

W R=R E=half WE. Extend the Axis Q P, and draw R C till it concur with QP 
in T; fo ſhall T be the Centre of the Equinettial. —— 

Divide M P into two equal parts in D, and draw D O infinitely on both ſides PDM. 
Upon P, at the diſtance P D, deſcribe the Semicircle LDN. A Roler laid from Þ 
toG, will cut the Semicircle in K ; at K begin to divide L DN into 12 equal parts: 
A Ruler laid from P to thoſe equal parts, will give the Tangents of 15, 30, 45, &«c. 
upon G D O, and be the Centres of the Meridian: ; G being the Centre of 12. 

Lines drawn from Q, through the Interſetions of the Meridians, with the Primitive 
Circle, (repreſenting the Declining Inclining Plain) ſhall be the true Hour- Lines upon 
ſuch a Dec/ming Plain. And this Declming Inclining Plain will be an Horizomal 
Plain in the Latitude of 17deg. 26min. and differing in Longitude from London, 
Eaſtward 14deg. 41 min. which will be about the Kingdom ot Caſſena. 


—c 


CHAP. VII. 


How to Projet the Sphere upon the Plain of the Equi- 
noctial : eAnd to make an Horizon thereto ſuitable to 
any Latitude. 


| His 1s an univerſal Projefion, and therefore will require a particular Horizon for 
every ſeveral Latitude : For the. projeting arid making whereof, mind the fol- 
lowing Rules. ; 

1. Letthe Primitive Circle noted with A = B v repreſent the Eguinottial, divide it 
into 2.4 equal parts, and mark them with their proper Hours ; the Centre whereof, noted 
with ©, repreſenting the Pole of the World. | 

2. The Diameter A © B, having XIL at eachend thereof, is the general Meridian, 
and the Solſtitial Colure. - ; EY hh ns 

3. The Diameter Y © = having VI ateach end thereof, and drawn at Right Angles 
to the former, isthe Hour Circle of VI. of the Clock, and alſo the Equinofial Colure. 

4. TheCircleOPFS, is a Polar Circle, and is diſtance from © the Pole of the World, 
23 deg. 3o min. equal to the abliqui of the Ecliptick, which Circle is thus to be deſcri- 
bed—- Take 23 deg. 3o min. out of your Scale of half Tangents, and with that diſtance 
upon the Pole ©, deſcribe the Circle OP FS, which ſhall be the Polar Circle. 

5- The Circle E 25 W w, repreſenteth either of the Tropicks, and is diſtant from the © 
Equinottial A 0 B =, 23 deg, 30 nun. _ to the obliquity of the Ecliprick; or it is 
66 deg. 3o min. diſtance from © the Pole of the World. To project it, Out of your 
Scale of balf Tangent: take 66 deg. ,3o min. and with that diſtance on the Pole, or 
Centre ©, deſcribe the Circle E W W S, repreſenting either Tropick. 

- And here note, That all Circles deſcribed upon the Pole ©, are all Circles or Paral- 
Jels of the Sunor Stars Declinations, and may be inſerted by help of the Scale of 
_— Tangents, as the Polar and Tropical Circles were: 

6. The Circle Y' S = is the Ecliptick, whoſe greateſt obliquity from the Equino&:a! 
is 23 deg. 30 min. and fo falls juſt in the Point 5 — It is thus to be deſcribed : The 
balf Tangent of 66 deg. 30 min. will reach from © to & For its Centre, take out 
of your Scale of Secants, the Secant of 23 deg. 3o min. and that diſtance ſhall reach 

» from = upon the Meridian to G, which Point G is the Centre upon. which the Eclip- 
tick Y & =: muſt be deſcribed——For its Pole, it is the Point P, the Interſeaion 
of the Polar Circle- with the Meridian, through which Point all the Circle: of the Stars 
Longitude are to pals. | 

: - 7. The Circle v H =, repreſents the -Horizon of London, whoſe Latitude is 5 1 deg- 
REL 30 min.——To deſcribe which, take the half Tangent of 51 deg. 30 min, and that ſhall 
reach trom © to H, the Interſe&tion of the Meridian and Horizon. For 1ts Cen- 
rre, take the Tangem of 51 deg. 3o min, and that ſhall reach from H to 1, which 


Pointe 
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Point I 1s the Centre of the Horizon, upon which it muſt be deſcribed. -—- For its Pole, 
the balf Tangent of 3% deg. 39 min. (its Complement) being ſet from © to Z, giveth 
the Point Z, for the Zenith of the place, whuch 1s allo the Pole of the Horizon, chrough 
which Pointe muſt all the Azimurb Circles paſs. EDN 

Theſe forementioned, arc all the Circles which are deſcribed upon this Proje&ion : 

It remains now to ſhzw how to infcribe other Spherical Circles upon them, which 
will render them far more uſeful chan before. | | EX 

8. The Circle K PL is a Circle of Longitude, pafling through 65 deg. 12 min. which 
is the Longitude of Aldebaron, or the Bull's Eye. -— To deſcribe the Circles of Longitnds: 
Firſt, they muſt all paſs through the Point P, and through every degree of the Eclip. 
tick; fo that the Ecliprick being divided from the Poine P, the Pole thereof; as [ 
ſhewed huw to divide the Horizon from Z,, the Pole thereof ; you have three Points 
given, through which they may be deſcribed: And to deſcribe chem, the Tapgent of 
66 deg 3o min. will reach from P, upon the Meridian, extended upon it ; and where 
that extent endeth, will be the Centre of the 09 deg. ands 180 deg. of Longitude, wiz. of 
the Circle v Þ =; the Centres of the reſt will be 1n the ſame right = drawn at right 
Angles to the Meridian, through the former Centre, and may be found by their natu- 
ral Tangents, as was before taught. | 

9. The Circle * a *, 15 a Parallel of the Bull's Eye's Declination, 15 deg. 48 min. 
and is found by taking the ns d Tangent of 74 deg. 12 min. its Complement, and with 
that diſtance deſcribe the Circle # a * upon the Centre D. 

10. The Circle v Z, = 1s the Prime Vertical Circle, or Azimuth of .Eaſt or Weſt- 
To deſcribe it, it is to paſs through Z. the Zenith, as all Azimmthbs muſt do; and ſee- 
ing the Zenith 1s 38 deg. 30 min. diſtance from the Pole, the Secane Complement there- 
” 15 deg. 30 min. taken from the Scale of Secants, and ſet from Z upon the Meri- 
dien (extended) ſhall give the Point Y for the Centre of the ſaid Prime Vertical Circle, 
— And in a Line drawn at right Angles to that Meridian, through this Point Y, as 
the Line Y D, ſhall the Centres of all Azimuth Circles fall And to find them, you 
muſt make Z, Y a Radius, and the natural Tangents of 10, 20, 30, &c. ſet from Y upon 
that Line both ways, ſhall be the Centres for the Azimuths * 10, *o, 30, &c. degrees 
from the Eaſt or Weſt, as the Point D is the Centre of the Azimuth R & ZV, an 
Azimuth of 39 deg. 42 min. from the Eaſt, or of 50 deg. 18 min. from the South ; 
and the Point d, on the other fide, is the Centre of the Azimarb M &* Z, paſling through 
the Bu//'s Eye at 6 of the Clock, being 80 deg. from the Meridian, or 10 from the Eaſt, 

11. The Circle me + n, is a Circle of Altitude of 20 deg. 20 min. paſling through the 
Bull's Eye when he is upon the Weſt Azimuth To deſcribe this, or any other 
Parallel of Altitude — Lay a Ruler from Y to H, and it will cut the Equino&ial Circle 
in y— Then out of your Line or Scale of Chords take 20 deg. 20 min. and ſet ic from 
eto w; then a Ruler laid from v tow, ſhall cut the Meridien in the Point e, through 
which the Paralle] muſt paſs. — Again, lay a Rwler to Y, and the oppoſite Interſeion 
_ of the Meridian and Horizon, fo ſhall the Raler cut the EquinoF#ial 1n 9; then from & to 
bſet20 d. 20 m. and a Ruler laid from Y to®, ſhall cut the Meridian extendedin g; di- 
vide the Space between e and g into two equal parts in f, ſo ſhallf bethe Cemrre of the 
Parallel of Altitude of 204d. 20 m. me K n. And the like is to be done for any other. 

And thus have I briefly ſhew'd how to Proje# ſeveral Circles of the Sphere upon this 

Projection, which will render it far more uſeful, as by ſome Problems following 


will appear. 


A Synoplis of this Projeion, 


Y A = B the EquinoFial Circle. 

E v» W & the two Tropicks. b Es 
©S® or © ve each of them equal to the half Tavgemt of 66 deg, 3o min. 
OSor © Þ each of them equal to the half Tangent of 23 deg. 3o min. 
S G each of them equal to the Secant of 23 deg. 3o min. 

G being the Centre of the Ecliprick. | 

© Hequal to the half Tangent of Latitude 51 deg. 3o mn, 

HI equal to the Tangent of 51 deg, 30min. 

I the Centre of the Horizon. 

© Z equal to the half Tangent of 38 deg. 39 min 

| O Centre of the Tropicks. | 

© Centre of the two Polar-Circles. 

POSEF the Polar Circles. 


412 


Cuxsus MATHEMATICUS. Book 11L. 


Y © = the Equinotial Colure. 

A © B the Solftitial Colure. 

Y S == the Ecliptick. 

v H == the Horizon. 

Z the Zenith. 

P the Pole of the Ecliptick. | 

K P L a Circle of Longitude paſſing through the Bull's Eye. 


© the Pole of the World. | 
M * Z, or Z * N an Azimuth paſſing — the Bull's Eye at 6 of the Clock. 


Y Z, = the Prime Vertical Circle, or Azimuth 0 Eaſt and Weſt. 

*+ @ * 2 Parallel of the Bull's Eye's Declination 15 deg. 4$ min. 

me X* n 4 Parallel of Altitude paſſing through the Bull's Eye when he is upon the Eaft 
or Weſt 4zimuth, viz. 20 deg. 20 min. 
the Centre of the Parallel of Altitude m en 20deg. 20 min. 

R & Z V an Azimuth of 50 dep. 18 min.. from South. 

*X 7 v a Parallel of, Altitude of 45 deg. 

Y Þ = the Circle of Longitude belonging to 00 deg. and 180 deg. 


PR o8B. 1. 7o find the Latitude of a Star. 


"HE Latitude of a Star, is its diſtance from the Ecliprick : Wherefore through the Star 

| draw a Circle of Longitude, as the Circle KPL is a Circle of Longitude, g through 
Aldebaren' or the BulP's Eye, the Pole whereof is at D ; then lay a Ruler from D the Pole 
of the Circle, to the Star, and note where it cuts the Primitive Circle ; alſo lay the Ruler 
from D, to the Interſe&tion of the Circle of Longitude with the Ecliptick, and note alſo 
where the Rsler cuts the Primitive Circle : The diſtance between theſe two Marks, mea- 
fured upon the Line of Chords, is the Latituds of that Star; and for Al/deberon will be 


found to be 5 deg. 31 min. 


PR © B. IT. Zo know at what Horary diſtance from the next Meridian, any 
Star will be apon the Eaſt or Weſt Azimuth. 


Irſt draw a Parallel of the Star's Declination; then draw an Azimuth Circle of Eaſt and 
Weſt, and note where they interſe& ; then from the Centre, to the Point of their 
EInterſe&tion, lay a Ruler, or extend a Thred, which will fall upon the S1ar's Horary di- 
Rance from the Meridiar. So the Parallel of the BulPs Eye's Declimation, being the 
Circle a *, interſe&ting the Prime Vertical Circle, or Azimuth of Eaſt or Weſt ry Z 
(on the Weſt fide thereof) in the Point +, the Line © * being drawn through that 
Point of Interſe&ion, will cut the Howr-Circle in 5 hou. and $ m. from the next Meridian : 
And at ſuch diſtance will the Bul/'s Eye be, when he is upon the Eaſt or Weſt Azimuth. 


PR © B. IL. 7o find what Altitude any Star ſhall have when he is due Eaſt 
or Weſt. 


LJ: the Interſe&ion of the Meridian and Horizon, lay a Ruler to the Point where 
the Parallel of the Stars Declimation cuts the Azimuth Circle of Eaſt or Weſt, and 
mark where it cuts the Primitive Circle; the diſtance of that Point from Y to = being 
meaſured upon the Line of Chords, ſhall there ſhew the Altitude of the Srar.—So the Bull's 
Eye being upon the Eaſt or Weſt Azimuth, will be found to have 20d. 20 m. of Altitude. 


PR OB. IV. To know what Altitude any Star ſhall have when he is fix Fours 
diſtance from the Meridian. 


Raw a Parallel of the Star's Declinatios, and note where it cuts the Hour-Line of 

Six, and through that Point of Interſeion deſcnbe an Azimarb Circle, and find 

the Pole thereof; from which Pole lay a Rwler to the Star, and note where it cuts 
the Primitive Circle; alſo lay a Ruler from the Azimurh-Pole, to the Point where the 
Azimuth which patſeth through the Star cuts the Horizon, and mark where it cuts the 
Primitive Circle; the diſtance between this and the former Mark, being meaſured upon 
the Scale of Chords, ſhall ſhew the Altitude of the Star.—— And by thus doing, the 
Altitude of Aldebaron at 6 hours diſtance from the Meridian, will be found to be 
12 deg. 20 min. , 
7 | Prob. 
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PrkoB. V. To know what Azimuth any Star ſhall have, when he is Six 
Hours diſtance from the Meridian. | 


Hrough the Point of Interſeion of the Stars Parallel of Declination with the Hour 
T of Six, draw an Aziuth Circle as before; then from Z the Zenith, to the Inter- 
ſetion of the Azimunb, paſſing through the Ster and the Horizon, lay a Ruler, and mark 
where it cuts the Primirive Circle ; the diſtance from the Meridian to this Point ſhall give 
the Star's Azimuth from the South.—— And thus the Bull's Eye, when he is fix Hours 


"diſtance from the Meridian, will be found to have $odeg, of Azimuth from the South. 


Pr o B. VI. The Declination and Altitude of a Star being given, to find 
the Star's Hour, | 


pit deſcribe a Parallel of the Star's Declination, and another of the Srer's Altitude, 
and through their Point of Interſe&tion draw a right Lime from © the Centre of 
the Projettion, which Line {hall ſhew the Star's Horary diſtance from the Meridian.— 
Thus the Declination of the Bull's Eye being 15 deg. 48 min. whoſe Parallel is * a *, 
and the Aliicude of the Bull's Eye obſerved to be 45 deg. which is the Paralel of Alti- 
tude * vr, interſeting each other 1n the two Points K# and 7: If you lay a Ruler 
from ©, the Pole or Centre, to # or r, it will in either caſe cut the Equimodial Circle 
in 2 hours 17 min. from the Meridian, which 15 the Star's hour, or his Horary diſtance 
from the Meridian. 


Px o 8B. VII. The Declination and Altitude of a Star being given, to find 
' the Azimuth which that Star 7s upon. 


put you muſt deſcribe the Star's Parallel of Altitude, and Parallel of Declination, as 
in the laſt Problems, and through their Poinc of Interſetion, and the Zenith Point 
Z, deſcribe an Azimath ; and to ftind what Azimwh that is, do thus : 

Look where the Azimath-Circle cuts the Horizon, and lay a Ruler from the Zenich 
Z, to this Point of Interſetion, and mark where the Ruler cuts the Primitive Circle ; 
the ditance between the Meridian, and the place where the Ruler cuts the Primitive 
(cle, meaſured on the Scale of Chords, will be the Azimuth which the Ster was then 
won. — And thus the Bull* Eye having 45 degrees of Altitude, his Azimub from 
the South part of the Meridian will be found to be 5o deg. 18 min. | 


How to inſert into ths Projeftion ai Horizon ſuitable to any aſſigned Latitude ; ſuppoſe 
40 Degrees. | 


From your Scale of half Tangents take 50 deg. and ſee them upon the Meridian from 
eto T, forthe Zenith Point ; and the half Tangent of 40 deg. (the Latitude) and ſet - 
tfrom © to Q; So the Secant of 50 deg. (irs Complement) ſer from Q, ſhall be the 
Cextre of the Circle v Q =, and be an Horizon for 40 dep. of Latitude. And fo for 
any other ; but 1t muſt be diyided from us Pole (or Zenith) T. 


Hiw within two Hemiſpheres of the foregoing Projetion, to inſert the ſeveral Conſtellations 
of the Freed Stars, and by them to perform the ſeveral Uſes of the Ccaleſtial Globe. 


Each of the Hemiſpheres conhiſteth of chree parts,' one whereof is Fixed, and the 

two are Moveable. | | 
I. Of the Fixed Parr. | 

The Fixed'Circle is the Hour Circle, which is divided into 24 equal Parts or Hours, 
and numbered from XII. on either fide, towards the Eaft and Weſt, by I. I. III, &c. 
© Xt. on the contrary fide. And again, each of theſe Hours 1s ſubdivided into 
12 equal Parts, each Part containing 5 minutes of Time. | 

Without this Circle of Hours, is another Circle, divided into 32 parts, and de- 
nominated by the Names of che $2 Points of the Meriner's Compaſs; diſcovering the 
Polition of the Srars 1n the Heavens at any time. And of thele two Circles do the 
Fixed parts of the Hemiſþheres contiſt. 


II. Of rhe Moveable Parts. 


r. Within theſe Fixed Circles move the two Hemiſpheres, which are limited wichin 
two other Circles called Equmottials, which move (with them) upon the Poles of the 
World, as their Ceptre, Ths 
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The innermoſt of which two Crrcles is divided into 3697 equal parts, or degrees, 
and in a narrow Margin fo numbered, from the Faſt, by the South, Welt, and Noth, 
to the-Ealt again, by 10, 20, 30, &c. to 300.-— And this Circle or Equinettial is again 
ſubdivided into 12 equal parts, each pare containing 3odeg. or one Sign of the 7. 


.diack, and named by the Names, and charactered by the Characters of the Twelve 


S12ns, thus ARIES 10, 22, Aries 30, &c. p . 

'The outermoſt of theſe two Circles 1s a Circle of Afonths,* and is divided into 12 un- 
equal Parts or Months, each Month having/its proper Name, and its due number of 
Days, and are thus named and numbered, January 10, 20, 31, Oc. 

Between the Centre of the Hemiſpheres (which are the two Poles of the World) and the 
Equinofials, are inſerted the ſeveral Stars according to their right Aſcenſions, Decling- 
tions, and Magnitudes, the Northern Sters upon the Northern, and the Southern upon 
the Southern Hemi/phere : All which Stars are drawn into ſuch Conſtellations as (by the 
Pects) have been feigned or attributed to them ; and ſuch Srars as are I formis, arc 
there placed, according to thew right Aſcenſfions, Declinations, and Magnitudes allo. 

From the Centre (or Pole) of each Hemiſphere, to the beginning of the 360 degrees, 
which is at the beginning (or ficlt deg.) of Aries is drawn a Semidiameter, which con- 
tains one Quarter of the Equinoial Colure (and therefore I ſhall ſo call it) which 1s 
divided into 90 unequal degrees, and 1s numbred from the beginning of Aries upwards 
towards the Pole, by 10, 20, 30, 40, &«c. to go, atthe Pole it (elf. | 

Again, from the firſt degree (or beginning) of Aries, to the beginning of Libra, in 
both Hemiſpheres, there 1s drawn an ob/:que Arch of a Circle, which 15 divided into fix un- 
equal Parts or Signs, and each Sign 15 ſubdivided into 39 unequal Parts, of which the 


Northern Hemiſphere contains the 11x Northern, and the Southern the fix Southern Signs, 
each Sign being numbered and charactered thus, Aries to, 20, 30, Taurzs Io, 20, 3o, &c. 


This Circle 15 the Ecliptick, and _— the Solſtitial Colare in the Points Cancer and 
Capricorn, which are 23 deg. 30 min. diſtance from the Equine#ial on each Hemiſphere. 
There ts alſo upon the Pole, or Centre of each Hemiſphere, two Circles deſcribed, the 
one paſling through 23 deg. 30 min. and the other through 66 deg. 3o min. ; that 
which paſteth through 23 deg. 30m. in the | Som ] Hemiſphere, 15 the Tropick of [797,,]; 
and that'which paſleth through 23 deg. 30 m. of the [Non] __— 1s the [arudia] 
Circle None of theſe Circles have any dwifions at all upon them, neither is there 
any need; but by them you may diſcover what Stars are bounded and limited by them. 
All theſe Parts of the Hemi/pheres hitherto deſcribed, are general, and are of the 
fame uſe in all Latirudes : But to make the uſes of theſe Hemi/pheres the more 
ample, there is, | 
2. Another Moveable Part added, which is an Horizon, which Horizon muſt be pe- 
culiar to fome certain Horizon or part of the World, (and although a General or Uni- 
verſal Horizon might eaſily be contrived, yet the Conveniencies thereof would not 
be equivolent to the inconveniencies.) And how to make ſuch an Horizon tor any 
aſſigned Place or Latizude, and how to divide the ſame ; as alſo to divide the Equi- 
no#tal Colure and the Ecliptick, is already ſhewn. And here take notice, that one of 
the Semidiameters of this particular Horizon (made for the Latitude of London, 5 1 deg. 
29m) 15 divided and numbered inall reſpe&s, and with the ſame diviſions as 15the Equz- 
nofial Colure. But the Arch of the Horizon is divided, firſt into two equal parts, and 
each ofuhoſe numbered by 10, 20, 30, &c. togo, from the Eaſt and Weſt Points there- 
of, to the North and South, and 1s again divided into 16 unequal parts, and named 
backwards and forwards, from Eaſt and Weſt, by the Denominations of the Points 
of the Compaſs -— This Horizon is to be applyed to, and to move upon the Pole, or 
the Centre of either Hemiſphere ; and fo renders the Ules of the Hemiſpheres general for 
that Latitude, — Note here, that I call the ſtreight part of the Horizon the Diameter, 
and the circular part, the Arch of the Horizon. | 
And thus have you an account of the ſeveral parts of theſe Hemiſpheres 5 it 
reſteth now, that we ſay ſomething of the Utes of them. 


The USES of the Hemiſpheres. 


PA OB. I.hÞ The Day of the Month being given: To find the Sun's Place. 


Eck the Day of the Month in the Moveable Circle of Months, and thereto bring 
' the Diameter of the Horizon; fo ſhall it cut in the Equimettial, the Sign, Degree, 
and Minute, that the Sun is in at Noon, that day. 


Example, 
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Example, Let the day be the 2cth. of April, and let the Sun's Place bs required— 
Lay the Diameter of the Horizwn upon the 24th. of .4pril, and it will cut the roth. | 
dep. of Tawrus, which 15 the Sun's Place that day. And lo upon the $th. of Auguſt the 
Sun's Place will be found to be in 25 deg. and an halt of Leo. | 


PR © B. Il. | The Sun's Place in the Zodiack being given, to find the Day 
of the Month. 


Ring the Diameter of the Horizcn to the Sun's Place, and.it will cut the day of 
the Month. 

So the Diameter being laid to the roth. deg. of Tawras, it will cut the 2oth. day of 

April: And laid to 29 deg. and an half of Leo, it will cut the Sth. day of Auguſt. 


PR © B. IIl. The Place of the Sun in the Ecliptick being known, to find 
his Declination. 


Ind the degree of the Sun's Place in the Ecliptick, in either of the Hemiſpheres, and 
bring the divided parts of the Diameter of the Horizon thereto; fo ſhall the de- 
orees of the Diameter of the Horizon, which are intercepted by the Sun's Place in the 
Ecliptick, be the degrees of the Sun's Declination. 7 
So if the Sun be in 19 deg. of Taurus, the divided part of the Diameter of the 
Hwrizon being brought thereto, there will be cut upon the Diameter 17 deg. and chat 
s the Sun's Declination. Alſo, if the Sun be in 10 deg. of Sagittarius, the Decii- 
zetion Will be found to be 22 deg. | | 
And here note, if the Sun's Place be found in the Northern Hemiſphere ; the Sun's 
R— is Northward : But if in the Southern Hemiſphere, the Declination 1 
South allo. 


PxoB. IV. The Sun's Declin. being given, to find his Place in the Ecliptick. 


F the Sun hath North or South Declination, make uſe of the correſpondent Hemi- 

we —- Then upon the Diameter of the Horizon count .the degrees of the Sun's 
Declination, and turn the Diameter about till the deg. of the Sun's Declination do croſs 
the Echiptick, and where it ſo crofleth, there is the Place of the Sun. — So the Suns De- 
dmation being 10 deg; North, then 10 d. of the Diameter of the Horizon will cut 25 d. 
55m. of Aries, or 4d. 5 m. of Virgo in the Northern Hemiſphere — And if the Sun have 
10d. of South Declination, 1t will then cut the Ecliprick in 25 d, 55 m. of Libra, or in 
4deg. 5 min. of Piſces in the Southern Hemiſphere. For the Sun makes four Grada- 
tons of Declination in a Year, 1n the ſeveral Quarters of che Ecliprick contained be- 
een Colure and Colure. | 


PRoOB. V. The Place of the Sun being krown, to find his Right Aſcenſion. 


PRing the Diameter of the Horizon to.the Sun's Place in the Eclptick, then will 
the Diameter of the Horizon cur allo the Circle which is divided into:360 deg. in 
the degrees of the Sun's Right Aſcenſion. —So the Sun being in 29 deg. of Tawres, if 
you bring the Diameter of the Horizon to that dep. counted in the Ecliprick, it will 
3 cut the Circle which 1s divided into 360deg. in 56 deg. 50 min. And ſuch is the Sun's 
J Ribr Aſcenſion ar that time. — Bur if the Sun's Place had been in- 29deg. of Scorpio ; 
4 then his Righr Aſcenſion (in the Squthern Hemiſphere) would be found to be 236 d. 50 m. 


1 Pros, VI. The San's Declination being given: To find his Amplitude. 


N reſolving many Problems, it will be requilite to have a Thred fixed in the Cen- 

tre of the Hemiſpheres; with a ſmall Bead co move upan it, as in this, - and ſome: 
&her Problems which follow.—— Firſt, lay che Diameter of the Horizon upon the 
tmo Sixes ; and ſet the Bead which 1s upon the Thred to the Sun's Declination, counted 
upon the Diameter of the Horizon: Then move the Thred along will the Bead do juſt 
touch the Arch of the Horizon, and what degrees of the Arch of the Horizon the Bead 
chanceth to fall upon, thoſe degrees (or that Point of the Compaſs) counted from 
the Eaſt and Welt Points of the Horizon, are the degrees of the Sun's Amplitude or Di- 
Rance of his R:/img or Setting, from the true Eaſt or Weſt Point.-—— So the Sw 
having 


_ 
dat. 


416 


 CurxSus MAaATHEMATICUS. Book II]. 


having 23 deg. 30 min. of North Declination, ſet the Bead thereto; and (the Diameter 
of the Horizon lying juſt upon VL. and VI. ) move the Thred ©] the Bead upou ir 
do juſt touch the Arch of the Horizon; which it will do at 40d. (or within 6d. and 
a quarter of the North-Eaſt, or North-Weſt Points of the Compaſs) which is the Sun's 
Amplitude — But if the Sun's Declination had been 20 d. the Bead ſet thereto, and moved 
to the Arch of the Horizon, it would then cut 33 d. 20 me. (or 25 m. ſhort of the North- 
Eaſt by Eaſt, or South-Weſt by South Points of the Compals)) tor the Amplitude. 


P& o B. VII. The Sun's Declination given, to find the Time of the Sun's 
Riſing and Serting. 


Eaifie the Bead to the Declination, and lay the Horizon to the two Sixes, as ber 

fore; then move the Thred till the Bead touch the Arch of the Horizon ; and 
then ſhall the Thred ſhew upon the Howr-Circle, the hour and minute of the Sun's 
Riſing or Setting. — So the Declimation being 23 deg. 30 min. the Bead reQified and 
brought to the Arch of the Horizon, the Thred will then cut the Hour-Circle at 45 m. 
after 11. in the Morning, at which time the Sw» Riſerb; and if you carry the String 
yet on, till the Bead tonch the Arch of the Horizon 1n the other fide of XII. the Thred 
will then fall upon 13 min. after VIII. at Night ; at which time the Sur Setterb — 
Bur if the Sun have 20. of North Declination, you ſhall find that he will Riſe 11 m. 


after IV. and Ser at 49 min. afcer VII. 


PR © B- VIIT Zfow to find the Right Aſcenſion of any Star. 


MJ the Diameter of the Horizon about, till ic lie-upon the Centre of the Srar; and 
upon the Circle of = d.the Diameter of the Horizon ſhall there ſhew the degrees 
of Right Aſcenſion. — So the Diameter being laid upon Cor Leonis, ſhall cut 147 d, 17 m.— 
And laid upon the BulPs Eye, it ſhall cut 649. 19 m. which are the Righr Aſcenſion: of 


thoſe Stars. 
P R o B. IX. To find the Dcclination of a Star. 
Ove 1 | or gpmery part of the Diameter of the Horizon about, till it cut the 
ir 


Star ed, and count what degrees of the Diameter are cut by the Star, for 
thoſe are the degrees of the Ster's Dec/imation. — So if the Diameter of the Horizon 
be brought abour till xt. touch Cor Leone, that Stay ſhall be.cut by 13 deg. 33 min. 
which is that Star's Declmation — And the Diameter being turned about to the Bul/'s 
Eje, that Star ſhall be cut by 15 deg. 46 min. and that is his Declination. 


PR OB. X. 7o find what Stars do never Set, Ent are always above the Ho- 
rizon 7» any Latitude. 


\Ount your Latitude upon the graduated Diameter of the Horizon, from the Pole 

or Centre downwards, (calling 8 deg. 10 deg. and 7odeg. 20 deg. &c.) lo keep- 

ing your Finger, or ſetting a Pin, in that Point; turn the Horizon round about, and 
all thoſe Smers, which are between your Finger and the Pole, do never Riſe nor Ser, 
but are always above that Horizon. — For all ſuch Stars, whoſe Declination are greater 
than the. Complement of any Latitude, do never Riſe or Ser in that Latitude — And 
all ſuch Sters nn the contrary Hemiſphere; whoſe Declination do exceed the Latitude, 
thoſe Srars do never Riſe, or appear in that Latritude.—— And thus, it you lay the Dia- 
meter ta Lncida Lyra, ſhall find that Stay to lie juſt under 51 deg. 30 min. (it 
you count the degrees from the Pole downwards) fo that in the Latitude of 51 deg. 
30 min. when that Sar s to the Weſt-ward of the South part of the Meridian, it 
continually deſcends lower and lower, till being arrived to & North pare of the Me- 
ridian; and then it immediately begins to aſcend, till it arrives to the Southern part 


. Of the Aderidian again. 


P RK © B. XI. To know what Stars ſhall be upon the Meridian at any Hour 
of the Night throughout the Tear. 


| | Bog the Diameter of the Horizon upon XII. and XI. and move the Hemiſphere 


till you bring the Day of the Month juſt againſt the propoſed Hour, 1o 
ſhall all thoſe Srars which lie under the Diameter of the Hori207, be upon the Me- 
r:4ian at that Hour of the Night, | Thus, 
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Thus, if ut were required to know what Stars ſhall be upon the Meridian upon the 
14th. of Fawuary, at Eight of the Clock. ; 

Lay the Diameter of the Horizon upon XIL. and XIL. then turn the Hemiſphere 
about, till you bring the 14. day of Fanuary to lie juſt againſt VIIT. in the Howr-Circle ; 
then will all thoſe Srars which he uſt under the Diameter of the Horizow, be uv 
the Meridian at VILE. of the Clock that Night, of which you ſhall ind Aldebaron, 
of the Bul/'s Eye,to be the principal. And at 4 minutes after XI. that Night will 
the Little Dog be upon the Meridian. 


| p R O B. Xl. To know what Stars will be upon the Mcridian at Midnight, 
any Night in the Tear. 


Sg the Diameter of the Horizos upon the Day of the Month, fo ſhall all the Srers 


which lie under the Diameter be upon the Meridian at XII. of the Clock. — 
This needeth no Example, but you may find, that 
February 6, Lion's Heart 
February 16. h Lion's Back 
ups March 3. MEN Lion's Tail 
March 27.) (Virgins Spike 


will be upon the 
 Aeridian at XII. 
at Night, &c. 


Pr © B. XII. 7o know at what Hour of the Night any Star will be upon 
the Meridian. 


AY the Diameter of the Horizon upon XII. and move the Hemiſphere about, till 
the Bull's Ee hes juſt under the Diameter, then juſt againſt the firit day of F 

4 in the Circle of Months you ſhall find 55 min. paſt VIIL in the Howr-Circle, whic 
3 ficws that at that time the Bull's Eye will be upon the Meridien. 


Pk o B. XIV. To find the difference of Longitude, or the Horary Diſtance 
of any two Stars, 


PRing one of the Stars againſt XII. in the Hour-Circle, then lay the Diameter of 
the Horizon upon the other Srar;. and what Hour that cats (counted fram XIL) 
won che Howr-C:rcle, 15 the diſtance of Longitude, or Horery Diſtance of theſe two 
$9; —-Thus, Let the two Srars be the Bull's Eye, and the Lion's Tail. 

Bring the Lion's Tail to XIL. and then if you lay the Diameter of the Horizon upon 
the Bull's Eye, you ſhall find it to cut 5 hours and 15 min. which is 109 degrees; and 
ſich is the difference of Longitude of theſe rwo Stars, or their Horary Diſtance. 


PR o B. XV. To find the Hour of the Night by the Stars. 


EE what Star you find to be either upon the North, or South part of the Meri 

 dian.; and os bring the ſame Star to the like Meridian in the Hemiſphere : 
Then look the Day of the Month in the Circle of Months, right againſt which 
you have the true Hour of the Night. Thus, if upon the 2oth. of Fanuary you 
ſhould find Aldebaron, or the Byll's Eye to/be jupon;the South part of the Meridian x 
bing 41debaron juſt againſt XIL. in the Hemiſphere, then againſt the 20th. of January 
I 99 ſþall find 22 min, before 8, or 38 min. after 75, which is the true Hour of the 
a Nets .on the 20th;of Fanuary, when Aldebaron will be qgon., the Meridiap. 


PRoB. XVI, To find the Semidiurnal or SeminoRurnal Arch of ary Star. 


Ay the Diameter of the Horizon upon VI: and bring the Star juſtly to touch the 
Arch of the Horizon : Then lay the Diameter of t n 


? d. 
we how many Hours are contained between: either of the 'Xl. for the'one 1 
Semidiurnal, and the other the SeminoFurnal Arch of that Star —— Thus, if you 
lay the Diameter of the Horizon upon VI. and bring Aldebaron to touck cthe'Arch of 
the Horizon ; and then lay the Diameter of the Horizon upon Aldebaron, you ſhall find 
to cut upon 36 mn. atter IV. if you ooatrit the- Hons fin XII. that the Semi» 
Wiurna! Arch of that Star is 4 honrs 36 minutes: - And if you count the Hows from 
the other XII. you ſhall tind them to be 5 hou. and 24 min. which is the Semidiurnal 
Arch of that Star, it being a Star having North Declination. AF TS $5 


[ii Prob. 


e Horizon upon the:Srev, 
ho 
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PRoB. XVII. To find the Amplitude, or the Point of the Compaſs upon which 
any Star Riſeth or Setteth. ; 


AY the Diameter of the Horizon upon VI. and bring the Star to touch the Arch 
of the Horizow, ſo ſhall the degrees of the Arch of the Horizon, contained be- 
tween the Eaſt or Weſt Points of the Horizon, ſhew the Amplitude of that Star's R;- 
ſong and Setting, from the Eaſt or Weff, towards the North or Sourb. Thus, if you 
lay the Diameter of the Horizon upon VI. and bring the Buls-Eye to the Arch there- 
of, you ſhall find it to lie under 26 degrees of the Horizon ; and ſo many degrees 
doth that Star Riſe diſtance from the true Eaf Point towards the North, and Sers fo 
many degrees diſtance from the Weſt North-ward alſo, (becauſe the Star hath North 
Declination) and ſo his Amplitude of Riſing 15 North Eaſt by Eaſt, 8 degrees Eafterh.. 
And his Amplitude of Setting is North-Weſt by Weſt, 8 degrees Weſterly. 


PR o B. XVIII. To find at what Hour any Star Riſeth or Sctteth. 


COTE Diameter of the Horizon upon VI. and bring the Star tolie juſt under the 
| Arch of the Horizon on the Eaſ#-/ide., Then ſeck the day of the Month in the 
Circle of Months, and the: Hour which ſtandeth againſt it, is the Hour of the Stars 
Riſing : And if you bring the Star to lie under the Arch of the Horizon on the Weþp- 
fide againſt the day of the Month, you ſhall have the time of the Star's Setting. —— 
Thus, upon the 25th. of December, 1f you would know at what Hour the Bulls-Eye 
Riſerh and Sets, lay the Diameter of the Horizon upon VI. and bring the Bull's- Eye 
Juſt under the Arch of the Horizon on the Eaft-/ide, and againſt the day of the Monch 
you ſhall find 2 Hours from the Meridien, which 1s 2 of the Clock in the Afternoon 
for the time of that Star's Ri/azg. And the Star being brought under the Weſt part of 
the Horizon, the day of the Month ſhall be againſt II{I Hours 45 minutes, which is 
— after 4 in the Morning, at which Hour Aldebaron, or the Bull's- Eye, Set- 
teta. | 


PAR © B., XIX. To know what time of the Tear any Star an the Hemiſphere 
will be upon the Meridian at 12 a Clock at Night. 


dRing the Srar to XII on the South part of the Meridian, then upon that day of 
che Month which ſtandeth againſt the North XII, ſhall that Srar be upon the 
Meridian at Midnight. —- So, if I would know upon what Night in the Year the 
Bull's- Eye will be upon the Meridien at 12 at Night: Bring the Bul/'s-Eye againſt the 
South XII, and againſt the Norch XII you ſhall find the 16th. of November, upon 
which Night at 12 of the Clock A/debaron ( or the Bull's-Eye,) will be upon the Me- 


ridian. 


--& 


CHAP. IX. 


How to Projet the Sphere upon the Plain of the Me: 
ridian by Streight Lines and Ellipſes. 


Fig. VI. Js 1s a General Proje#ion, and for the Projeting thereof ; with go degrees of 


5. gp Scale of Sines ; upon C, as a Centre, deſcribe the Circle P A S £; crofling 
; two Diawmeters P S and X &, dividing it into four Quadrants, each of which 
ride into 9o equal Parts or Degrees, beginning at P and S, and ending at 
and 4. | 

The Circle thus divided and numbered, repreſents the General Meridian ——— 
AE & the 'Equinotial —» Þ S the Prime Vertical Circle, or Azimuth of Eaft or Weſf 
. P the North, S the South Pole — © S the Tropick of Cancer v V the - 


Tropick of Capricorn — A, B the ArGick Circle — C D the Amardick Circle 9 kg 
| Y V the 
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Y V the Ecliptick The other Parallels between AX & and P and S, are Paral- 
lels of the Sun's or a Star's Declination, 9 HG 

For the Projecting of which Lines, &c. 1. Take 23 deg. 30 m. from the Scale 
of Chords, and ſet them upon the Meridian from A upwards to © and downwards 
to, and allo from £ to. © and to W, and draw the two Lines S S, and Wy w, 
aralle} to the Equinodial, for the two Tropicks of Cancer and Capricorn. 

2. Draw the Right Line B C WV for the Ecliptick Circle. And thus have you all 
the Great Circles of the Sphere projet: d in Streight limes, except the General Meridian, 
which 15 a Cxrcle, and for the other M-ridians a hour ry between the Meridian 
and the Colure PC S they are all Elipſes, the manner how to draw them ſhall now 
follow. 

The Line C X being equal to the Scale of Sines, take from thence 55 deg. ſet ic 
upon the Equino#ial from C to x, and from C to 11, for the hour Points of One 
and Eleven. Allo take 60 deg. from the Scale of Simes, and ſet them from Cto 2, 
2nd from 'C to 19, for the hour Points of Two and Ten. Again, take out of the 
Scale of Sines, the Sines of 45, 3o, and 15 deg. and ſer them upon the Equino&#tal 
both ways from C, to the Points 3, 4, and 5, and 9, 8, and 7 ; and thoſe ſhall be 
te Points through which thoſe bowr Circles muſt paſs upon the EquineFial. 

Buc to find other correſpondent Points upon the Tropicks, other Parallels of 
Neclination, you muſt by help of a Sear, divide the Tropicks 6, © and 6 W; as allo 
the interme 
dwided ; ſo ſhall you have Points, through which Lines being drawn, making no An- 
gles, ſhall be the hour Circles, and will be all of them Elliprical, for the deſcribing of 
which there are ſeveral ſorts of Inftruments, one of the beſt whereof you have by 
the Figure of the Projection deſcribed. 

Laſtly, The Ecliptick muſt be alſo divided as the Scale of Sines is divided, and muſt 
have the Characers of the Signs put to them as in the figure. 


Hw the Annalemma may be made Univerſal for all Latitudes, both North and South, from 
the EqumoGiial to the Poles, 


1. Let the El:p/is be drawn through every degree of the Equino#iel, and that quite 
a. » bn Poles, or at leaſt ſo many of them as the largeneſs of the Inſtrument 
will admit. 

2 Let all the Parallels of Declmation be alſo drawn up to the Poles. 

t In the Planiſphere let there be ſome eminent Fixed Stars placed according to their 
Right Aſcenſion and Declination. 

4 Let there be the Months and Days of each Month put in, anſwerable to the Sun's 
Place or Declmation, but without the Circle between the Tropicks on exther fide. 

{. Let there be a Moveable Horizon, divided as a Line of Verſed Sies to move up- 
on the Centre of the Planiſphere, yet fo that it hinder not the Curſor to pals by the 
Centre. 

6 Under the diviſions of the Horizon, at a competent diſtance muſt be cut a hollow 
Grove, if the Horizon be made of Wood, but a Doughtale, if made of Breſs, up- 
on which a Curſor muſt move. 

7. The Curſor is a piece of Braſs about an Inch ig breadth, and in length ſomewhat 
more than the Radizs of the Inſtrument, it muſt be made to {lide along the Ho- 
rizon without interruption, and to ſtand fixed when occaſion is, the two ſides or 
edges are to be divided as one half of the Horizon -i5, vis. into a Line of Sines 
equal to the Radizs of the Inftrument. : 


All theſe Appurtenances and Lines, are perſpicuous in the Figure thereof. 

This Inſtrument thus fitted and being about 15 or 16 Inches Diameter, will be 
the moſt abſolute Inſtrument that an Artiſt can make uſe of, both for 

Portability in Carriage. 

Eaſe in Ule. 

ExaQneſs in Performance. | | 

Univerſality in all Parts of the World. | 

As ſhall be made appear by theſe few Ules (amongſt many others that might be 

) tollowing. | "SL 


Iit2 Some 


iate Parallels of Declmation , as the Scale of Sines upon your Ruler is 


—— 
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Some USES of 


ANALEMMA 


ASTRONOMY, «c. 
fl Yr  Hnolemme being a General Inſtrument, may be fitted to any particular Ho\ 


rizon or Latitude : But ſome Problems or Uſes thereof, being general, may be 
rformed thereby, without having reſpe& to any Latiude, and {uch are theſe w ich 


PP oma » The 


low. 
SECIS L 


The Day of the Month being given, to find, 


I. The Sun's Declination. 


Eek the day of the Month in the Circte of Months, and that Parallel of Declma- 
tion, which falleth (or ſhooteth) upon the day of the Moneth is the degree of the 
Sun's Deiclination for =_ __—_ _ | : | 
| Example. pon 17th, of Augaſe. 

Seek the 17th. of Auguſt in the Circle of d Months, and you ſhall find the Parallel 
of 10 teg of Declination to ſhoot upon it, and ſuch is the Sun's Deciimation upon the 
x7th. of Auguſt. £b 

C if * day of the Month be found between the Equinotial Circle and the 
North Pole, (where all the Mersdians meet in the Centre,) then the Sun hath 
; North Declinstion, but if on the other ſide, it hath South Declination. 


Il. Whet two days in the year are of equal Length. 


. Example. Upon the 17th. of Auguft. ] 

- By the foregoing you found the Declination to be 10 deg. Wherefore caft your 
eye along the Parallel of 10 deg. and you ſhall find it to ſhoot upon the 5th of 
April, (upon the other fide of the Inſtrument,) which day is of the ſame Length with 
the 17th. of Auguſt. | 


TH. 7he Sun's Place in the Ecliptick. 


All the Parallels of the Sun's Declination croſs the Ecliptick Line, in that degree 11 

wich the Sun is. | 
Example. When the Sun hath 10 deg. of Norch Declmation. ] 

You found (by the firſt) that upon the 17th. of Auguſt the Sun had 10 deg. of 
North Declination. —— Wherefore trace the Parallel X 10 deg. till you find it to 
croſs the Ecliptick, and you ſhall find it to cut the Ecliprick in 4 deg. and 26 min. of 
Virgo, and in that Sign and Degree is the Sun upon the 19th. of Auguſt. | 

On the contrary (upon the 5th. of April) the Sun having the ſame Declmation, 
the Parallel of Declmation cutteth the Eclyrick in the ſame place, (bur 1n a contrary 
Sign, viz.) 1n 25 deg. and 34 min. of Aries, and in that Sign and Degree is the Sw» _ 
upon the 5h. of April. 


IV. The 
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IV. The Sun's Right Aſcenſion. 


Example. When the Sun is in 4 deg. 26 min. of Virge. ] 

Seck out upon the Ecliptick Line for. 4 deg. 26 min. of Virgo, and ſee which of 
the Meridians (or hour Circles) doth paſs through thac point 3 and with your eye fol- 
low that Meridian, t:]l you come to the Equino#ial : —— Then count how many de- 
grees of the Equinoial, are contained berween'the firſt Point of Aries (which 1s the 
Certre of che Inſtrument) and thac Meridzan ; fo ſhall you' find that the  Meridiaz 
which paſſeth chrough 4d. 26 m. of Virgo, will cut the *EquineFial it 56 deg. and 
50 ___— the Centre, and ſuch is the Righs Aſcenſion, when the Sw» 5 i 4 deg. 
26m. 0 Virgo. i 3O7 


Theſe Four Problems, and the converſe of them, have no relation to any 
Latitude; thoſe which follow have erther the Latitude of the Place given, 


or elſe by ſome other thing or things given, the Latitude is to be found ; 
and therefore it will be neceſſary, firſt, to ſhew, 


How to fit the Analewma to any Latitude. 2 : 

Count the degrees of the Latitude of the Place, from * downwards'ts if it 
be North, or from to if 1t be South, and to thoſe degrees bring the end of the 
moveable Horizon ; and there fix it by help of a Screw or ſuch like; and then the 
Curſor being upon it, the Inſtrument is titted to perform many Aﬀtroriormcal Pro- 
blems, ſuch as here follow. 4 7 235) 
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SECT. I 


The Latitude of the Place, 51 d. 30m. and Declmation of the Sun 
(10 deg. North) given, to find, 


I. The Aſcenfional Difference. 


Obſerve where the. Parallel of Declanation crofſeth the Prime Vertical Circle, (or 
kar Circle of S1x,) and from that Pointe count upon that Paralke], how many 
or howrs, are contained between it and the Horizon, for thoſe degrees or hdurs are the 
pony wry Right Aſcenſion, or of the time that the Sus Riſes or Sets before or after 
ix a Clock. | 

So the Latitude being, 51 d. 30 m. and the Declination to deg. North, if upon the 
Parallel of 10 deg. of North Declination you account the number of degrees contained 
berween the howr Cerele of Six and the Horizon, you ſhall find them to be 12 d. be 


orin time 51 min. from Six, and ſuch is the Aſcerfienal Difference when the Sun 
lodeg, of North Declination. . 


Il. The time of the Sun's Rifing and Setting. 


Whereſoever the Parallel of Declination cuts the Horizcn, that Meridian that cutteth 
the Horizon in the ſame Point, is the time of the Swn's Riſing. 
Example. The Swn having 10 deg. of North Declination. G 
The Horizon being ſet to the Latzude, you ſhall find it to touch rhe Horizon at 9 m. 
after 5 in the Morning, at which time the Sws will Riſe, when he hath ro deg. of 
North Declination. And at the ſame time you may fee alſo, that he Setteth 
a 51 min. after 6 at might; 


HI. The length of the Day and Night, 


| The Hours and Minutes of the Sun's Ri/ing being doubled, give the Length of 

” ow, ———- And the Hours and Minutes of the Sun's Setting give the Length 
or the Day. | 
But by the Inſtrument Thus : 0 

Count every hour from the South part of the Meridian to the Horizon for two 

bours, ( upon the Parallel of Declination,) and every degree for eight minutes of _ - 

- | ” 
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ſo ſhall. you find the Length of the Day to be 13 hours 42 min. And counting the 
Hours from the Nerth part of the Meridian, the Length of the Night will be tound 
to be 10 hours and 18 min. 


IV. The Sun's Amplitude, (or the diftance that the Sun Riſes or Sets from 
the true Eaſt or Weſt Points of the Horizon.) 


| Example, The Sun having 10 deg. of North Declination. ] 

The number of degrees upon the Horizon (counted from the Centre of the Inſtry. 
ment to the jneerſeRion of the Parallel of Declmation therewith, are the degrees of the 
Sun's Amplitude. | | Fo 

So if you follow with your eye the Parallel of 10 deg. of North Declination, till it 
meet be the Horizon, you ſhall find the Parallel co cut the Horizon 1n 16 deg, 15 m. 
And fo far doth the Sun [%*] diſtant from the true [574] Points of the Horizon, to- 
wards the North, (becauſe the Sun hath North Declmation,) and that is the Ampli- 


tude. 
V. The Suns' Meridian Altitude. 


The Sun's Meridian Altitude is its height at Noon. 

| Example. At 10 deg. of North Declinatien. | 

Bring the Curſor to the Interſeftion of the Parallel of 10 degrees of North Dec!;. 
vation with the South part of the Meridian, and the degrees upon the Curlor arc 
the degrees of the Sun's Meridian Altitude. - ; 

So the Curſor being brought to the InterſeRtian of the Parallel of 10 deg. of De. 
clination with the South part of the Meridian, you ſhall find at that Interſeion, 48 4. 
30 m- cut upon the Curſor, and ſo many degrees of Altizude will the Sur have at Noon 
in that Parallel 


VI. The Sun's Depreſſion at Midvight. | 
The S*n's Depreflion at Midnight is ſo many degrees as the Sus 15 under the He 


' rizonat 12 in the Night. 


So, the ſame time, the Sw having 10 deg. of North Declimation, move the Curſor 
to the Interſection of the Parallel of 1o deg. of Sourh Declination with the Meridian, 
and there you ſhall find out (upon the Curtor) 28 deg. 30 m, for the Sun's Depreſſion 
(under the Horizon) at Midnig 


VIE. When the Twilight begins and ends. 


Twilight is ſaid to begin when the Sun is 18 deg. under the Horizon, before its Ri- 
fing, — And it ends when the Sus is fallen 18 deg. below the Horizon after its 
Setting: 


Example. The Declination being 10 deg. North. ] 

Move the Curſor along the Horizon, till you make 18 deg. thereof to meet with 
the Parallel of 10 deg. of Sourh Declmation, and that you ſhall find it to doat 2 hours 
56 min. at which time Twilight begins in the Morning : -— And allo at the ſame 
time it cuts 9 hours and - at which time in the Evening Twilight ends. 

Andif you ſubſtra& the time of the Sun's Setting, from the time of the Twilight's 
ending, the remainder is 2 hours 14 min: and fo long doth the Twilight continue both 
in the Morning before Sun Ri/img, and in the Evening after Sun Setting. 

Alſo if you double the length of the Twilight it makes 4 hours 26 min. which 
taken from 18 hours, 18 m. (the length of the Night before found) there will re- 


main 5 hou. 2 min. for the length of the dark night. 


VIII. What Altitude rhe Sun ſhall have at 6 a Clock. 


Example. The San having to deg. of North Declination. } | 
Move the Curſor along, till it meet with the Interſe&ion of the hour of 6, and the 
Parallel of 10. of N. Declmation, and then ſhall you find 5 deg. 55 min. cut upon the 
Curſor; and ſuch Altitude will the Sun have at 6 of the Clock, Morning or Evening, 
when he hath 10 deg. of North Declination. he 20d 
; Wit 
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IX. What Altitude the Sun ſha have, at any hour of the Day. 


The Sun having 10 deg. of N. Declination, and let the Hour be half an hour after 
$ in the Morning. ] | | 

Find bs Point upon the Inſtrument, where the Parallel of ro deg. of North De- 
ination crofieth the Hour Line of half an Hour paſt VIII and bring the Curſor to 
hat Point, and there you ſhall ſee the Curſor will couch that Point at 3o deg. and 
40 min. and ſuch Altitude will the Sun have at half an Hour after VIII. in the Marn- 
ing, Or at half ar: hour after III. in the Afternoon. 

And working in this manner, in the Latitude of 51 d. 30 m. when the Sen hath 
20 deg. of North Declination, you ſhall find his Altitude at all hours of the Day to be as 
1n this Table. | | 


| Hours deg. m._ 
| XII " 8” a 
Xl I 66 24 
X IT $0 Fg 
IX III 43 os 
VII IILL 36+: 123 
VII V | 24 56 
VI | 15: 40 
V VII 6 - 50 


X. What Azimuth the Sun ſhall have at 6 a Clock. 


The Sun's Azimuth at {1x a Clock is his diſtance from the true Eft or Weſt Points 
of the Horizon at that time. 


Example. 'The Sun having 10 deg. of North Declination.] - . 
Bring the Curſor to the InterſeRion of the Parallel of 10 deg. of Declination,with 
the (vertical Circle, or) hour Line of 6. . Then ſhall you find the edge of the Curſor 


to cut 6 deg. and 8 min. upon the Horizon, and that was the Sun's Azimurb from the 
Eft or Weſt, towards the North at that time, ' * . : | | 


XI. What Altitude the Sun /hal/ have, when he is juſt upon the Azimuth of 
Eaſt or Weſt. 


Example. The Sun having 10 d. of North Declination,] 

Bring the Foot .(or the botrom of one of the Edges) of the Curſor, to the Centre 
of the Inſtrument, and there hold it; then ſee what degrees of the Curſor are cut by 
the Parallel of 19 deg. of North Declination, which you will find to be 14/deg. and 
20 min. And ſuch Altutude ſhall the Sun have, when he is upon the Azimaurb 'of Eaſt 
or Weſt, the Sun then having 10d. of North Declination. 


XII. At what bour the Sun ſhall be upon the Eaſt or Weſt Azimuth. 


Example. The Suu having 10 deg, of | North Declination.] 
Bring the Curſor to the Cexrre of the Inſtrunient (as before) then ſee what hour 
Circle, (or Meridian) paſleth through the InterfeRion of the Parallel of Declmation'and 
the Curſor, which you will find to be 26 min. after 5 in the Afternoon, or 34 min. 
ater 6' in the Morning ; and at thoſe hours will- the Sw be upon the Ezft or Weſt 


Azimuths. dE 
SECT. II. 
Thirdly, The Latitude of the Place, (5 1 d. 3o m.) the Declination of the 
Sun (10 d, North) and the Altitude of the Sun (304. 30 m.) to find, 
| \ 1. The Hour of \ the, Day... \ 
M** the Curſor upon the Horizon, till 30 deg. 30 m. thereof doth juſt touch the 


YA Parallel of 1o deg. of Norch Declination ; then obſerve what Meridian (or hour 
Grcle) paſſzth by that Interſection, which you ſhall find to be 30 min. after 8, if in 


the 
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the Morning; or 30 min. after 3, if in the Afrernoon. And that is the Hour of 
the Day. 


II. 7 s find the Sun's Azimuth : Let the Latitude, Declination, axd Altitude 


be as in the laſt. | 


Move the Curſor till 30 degrees thereof cuts tHe Parallel of 10 degrees of N.rch 
Declination ; then bring the Horizon with the Curſor upon it to the Equine#1al ; to ſhall 
that hour Circle which lyeth under 30 deg. of the Curlor, be the Azimuth , which 
counted from the South part of che Meridian will be found to be 66 deg. 8 m. from the 


North 113 deg. 52 m. And from the Egft or Weſt 23d. 52 m. 
$TC T0 


Several ways to find the Latitude. 


1 By the Sun's Declination, and his Meridian Altitude. 


Ake in your Compaſſes the Number of degrees of the Meridian Altitude, then ſer. 
ting one foot thereof upon the Meridian at the Point where the Parallel of De- 
clination toucheth it,” and put the other foot downwards upon the Meridian, and to 
that point bring the moveable Horizon; 1o ſhall the degrees of the Meridian, compre. 
hended between the Elevated Pole and the Horizon, be the Latitude. 
So the Meridian Altitude being 67 deg. and the Declmation 10 deg. North, the Lati- 


tude will be found to be 33 degrees. + 


II. By the Sun's Declination aud Amplitude , from Eaſt or Weſt. 


_ Turn the Horizon about, till the degrees of Amplitude counted thereupon from the 
Centre, do cut the Parallel of Declination ; then will the Horizon give you the Latimud: 


upon the outermoſt Circle. | 
So the Aryplitude being 22 deg. 46 m. and the Declmation r0 deg. North, the Lati- 


tude will be found to be 63 deg. 20 m. 


II. By the Sun's Declination. and Altitude when he is upon the Eaſt or Weſt 
Azimuth. 


Set the Curſor to the Centre,” and count upon it the Alrrade; then turn the Index 
about cill the degrees of Alrizude onthe Curſor do croſs the Parallel of Declination; then 
will the Horizon give you the Latitude, | 

So the Sun's Altuude being 10 deg. 139 min. when the $un-is due Eaſt or Weſt, the 

| Latitude will be found to be 950 deg: t | 


IV. By the Sun's Declination, his Altitude, ad Azimuth from the South, 
rs find the Latitude. y* | 


Set the Curſor to the Azimuth from the Sauth, upon the Horizon, then'Count the 
| Sun's Altitude upon the, Curſor, turning ithe Horizon about till the | Altitude counted 
ous yung do croſs the Parallgl of Dechination ; then ſhall the Horizon reſt arthe 
itude (ought. | FIT 
So if the Sun's Azimuth from. the, South ſhould be 92 deg. 28 m.ahe Alritude: 56 d- 
and the Declimation 10 d. North, the Latitude will be found to be 30 deg. 


j 


' 
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 PROOEM. 
Of - the Name , Original and Progreſs of 


ASTRONOMY. 


STRONOMY « a Science which teacheth the Lews and Raler, where- 
by the Motions of the Stars are Regulated and Determined : It was ancient- 
ly called alſo Aſtrology ; for, that which Plato called Afronomy , Ariſtotle 

ind others termed Afrology. Thus Thales is the firſt among the Greeks, that is ſaid to 
Afrologiſe, who never treated of that Judiciary Art : But in after times this Synono- 
my ceaſed ; for this Caeleftial Science, known anciently to the Greeks, by that part 
of it only which was called Meteorologick, as conſidering the Morions of the Stars, 
mth the Reaſons thereof, came, in after Ages, to receive the Addition of another 
part, called Apoteleſmatick ; which teacheth to Divine and I of future events 
from the Sight and AſpeRts. of the Stars and Planets: But afterwards in Greece, there 
was given to this latter a peculiar and diſtin& appellation, namely 4ſfrelogy, there 
teing reſerved co che former only that of ASTRONOMY ; and fo defcribed ro be 


That Science which contemplates the Motion, Diſtance, Colour, Light, Order, 


Place, Magnitude, and the like Adjuns of the Fixed Stars and Planets ; 


without any reſpect to the Jndiciary parr. 

As to its ORIGINAL, we cannot reaſonably refer it to a better Patron than 
Admiration. So ſays Gaſſendus, Originem ipſi fecns Admiratio: For our Forefathers 
admiring the Splendor, Variety, Multtude and Magnitude of the Stars ; together with 
their Conſtant and Regular Adotien, transferred their Admiration into Obſervation; 
and that (in proceſs of Time) into Tables, or Parapegmata, for the infermation of 
Poſterity. And upon this ground we may (with Ricc:olms) affirm ASTRONOMY 
to be as ancient as the STARS themſelves ; and that it was at firſt (with other 
dwinely infuſed Arts ) reduced ro Experiment and Practice by Adam himſclf, and 
by his Pofterity perpetuated, as we find by Foſephws, who (in his third and eighth 
Chap. of the eleventh Book of Few. Amiq.) writes, that Seth, having been inftru- 


| _ Red therein by Adam; and underſtanding the World was twice to periſh, once by 


Deluge, atcerwards by a general Conflagration, reduced this Art to an Epitomy, and - 
aſcribed it on two Pillars; the one of Brick, againſt the violence of Fire; che 
her of S:one, againſt the Inundation of Waters: One of which (that is the Pillar 
of Stone) he affirms ro have been extant in his Tune, in a Place called Syrias, or 

kkk2 Seirath, 


A 


OO O— 
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Seirath, conceived (by Mr. 1/. Voſſius, Lib. de Ayat. Mand: to be the Land borJering 
upon Mount Ephraim, not tar from Ferico. | 

'ASTRONOMY being thus brought into the World, was improved by the fol- 
lowing Patriarchs, who, by reaſon of their long Lives, had the opportunity of ob/er- 
wing and.noting. _—_—_— Revolutions : Amongſt whom, in this Science, the moſt 
celebrazed 1s Enoch, whole Books upon this Subject, are ſaid to be extant at this day ; 
from whence Tertullian and Origen produce ſeveral Citations. But to what perfection 
this Science was brought before the Flood, is uncertain : Bur it appears by the Teſti- 
mony of Origen, from the forecited Books of Exch, that the Stars were then reduced 
into Aſfteriſ/ms, under peculiar and diſtin Denomuaations. 

After the Flood, and the diſpertion of Mankind over the face of the Earth, the 
Study of Aftronemy began to be improved by ſeveral Nations, who, doubtleſs, had de- 
rived the knowledg thereof from Noah and his Poſterity: So that ic may ſeem no 
wonder, if at one and the ſame time, divers Perſons, in divers. Regions, applied 
themſelves to the Qbſervation and Study of this Aral Science. And from hence 
ariſe the great Conteſts among ſeveral Nations, for the Glory and Honor of its I- 
wention, But it is clear, that Mankind diſperſed themſelves out of Aſia, into 4frica, 
Europe, and other parts of the World; the Glory therefore ought, in the firſt place, 
to be attributed to the Afraticks, and among them, chiefly to the Babylonians, Chal- 
deans, and Bafirians ; among whom Evabanes, Belus, Zoroafter and Otanes, are prin- 
cipally to be celebrated; as alſo, Naburian, Sudinrus, and Seluchis the Chaldeany and 
before them the Patriarch Abrabam and his Father Thare. | 

From the 4ſſjrians and Chaldeans it came next to the Egyptians, brought thither by 
Abrabam, as Euſebias. proves from the Authority of Foſephrs, Melo, and others ; but 
Eupolemus (ſeems to infer, that Abraham firſt taught the ſame to the Phenicians, before his 
deſcent into Epypr. m 

Thafe are Gene that averr, thatthe Egyptians were ſa far from receiving of the know. 
ledg of 4ftronomy from the Chaldeans, that they /afhrm the Chaldeans to be inſtruced 
hereif by the Egyprians ; but it ſeems ſtrange, 'if this Science were known to the 
Egyptians before the Babylonians and Chaldeans, that yet the Egyptians Obſervations 
ſhould be ſo much later than thoſe of the Babylonians : For we tind few of the Egy- 
piians to precede the time of the death of Alexander the Great, than which, even thoie 
of the Greeks are earlier ; whereas the Obſervations of the Babylonians appear to have 
been made almoſt 2000 Years before that time. | 

There are others (as Lucan) who would rob both the Chaldeans and Egyptians of this 
Honor, and aſlign the Invention thereof to the Erhiopians ; but this ſwims againſt the 
ſtream of Tradition. The Mauritazians alſo come 1n for a ſhare in this Invention, af- 
firming they were inſtructed therein by Atlas (the Son of Libya) their King. 

From the ſeveral Nations before mentioned, Aſtronomy ſeems to have been divided 
into Three Se&s, the Aſſyrian, the Egyptian, and the Atlantick ; of which laſt, yet the 
Greeks and Romans make no reckoning ; for among them were only enumerated theſe 
Three Seas, Chaldaick, Egyptian, and Grecian; yet ic doth not appear that the Greeks 
had made any conſiderable progreſs in Aſtronomy before the death « Alexander the Great, 
, only ſome Obſervations of Eclipſes made by Thales and Anaxagoras : Yet ſuch was their 
ſelf-Conceit, as confidently to affirm, that Afromomy ow'd its Invention to them, and 
particuhrly to the Rhodians. Others of them aſcribe 1ts Original co their Poet Orpheas. 
But theſe being fabulous, perſuade us rather to conclude with the Opinion of thoſe 
who maintain Aſtronomy to have been firſt brought into Greece by Thales the Mileſian, 
who derived it from the Egyptians. 

From him it was improved by Aneximander, Anaximencs, Anaxagoras, Democritus, 
Empedocles, Eufttemon, Meton, Endoxus, and others of the Athenian School, till the 
time of Alexander the Great, his founding the City of Alexandria in Egypt : Atter 
which, the Prolomies, his Succeſſors, erected an Academy there, for all manner of Stu- 
dies; the Grecian Aftrowomy made its retreat thither, _ under thoſe Princes flouriſh'd 


in equal Glory with the Egyprian. From thence we hear of the famous Names of A»- 
zolychus, Calippus, Timocbares, Ariſtyllus, . Comm, Hipparcus, Soſigines, Theon, Ptolemy, 
"Paulus Alexandrinus, Theon Alexandrinus, and his Daughter Hypatia, *© Who by barba- 
 ®*rous Chriſtians (or Monſters rather) of Alexandria, out of mere Envy (tor her adrmt- 
* rable Skill in Aſtronomy, and other Mathematical Learning, which ſhe publickly pro- 
** felsd and taught) was moſt inhumanly murthered, and torn 1n pieces in the very 
* Cathedral Church. | | 


Among 
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Among the Romans it was long ere this Science gain'd acquaintance, Arms being 
there more in faſhion than Arts: The firſt chat-Hiltory makes mention of 1s, Cajus 
Swlpitius Gallus, he was Legat tos Emilius Paulus in the War agginſt Peyſes, King of 
Macedon ; who firſt amongſt them publiſhed a Diſcourſe of Eclpſes. Aﬀer hit we heac 
of Lucius Taruntius , Nigidins Figulus, Varro, and Cicero, Students in Aſtronomy. 

But the Latins, tor Promoters of this Science, are indebred to nonzs more than to 
their great Dictator C. Fuls Ce/ar, who 


| Media inter Pralia ſemper. 
Stellarum, Czlique Plagis, Superiſque wocabat. 


He always lieſure found, amidſt his Wars, 
To mark the Courle of Heaven, and learn the Stars 


He (with the affiſtance of S-fomes, the Egyptian) reduced the Roman Year to the 
courſe of the Sun, which we yer retain : He wrote (in Greek) of the Stars. From 
him Mathematical Arts, particularly Aftronomy, began to flouriſh among them. His 
Nephew and Succefſor Arguſtus (by his Example).encouraging the ſame. 

Thus have you a clear and concite Account of the Hiſtory of Aſtronomy from its 
Orig mal to the time of Auguſtus Ceſar : If the_inquitiave Reader would have a 
continuation of this Hifory, let him peruſe Elquire Sherburn's Tranſlation, - and 
learned Comment upon Marcus Manilius Poem ; 1n an Appendix untowhich he will 
find a Catalcgue of the moſt eminent Aſtronomers, as well Ancient as Modern, their 
Works and IWritings, according to ſucceflion of Time, from the firſt Birch of Afro- 
»omy, to the Year of our Lord 1675. from whoſe Labowrs 1 have extracted this 
ſhore Account. 


-——_ Þ» M a 


* See cal 


|  Syſkem of the WO R L D. 


may be called the Co/mical or Mundene Syſtem, which is no other than the Co- 

ordination of the Parts of the World; whoſe MaTTER is the Number of the Ele- 

ments and Heavenly Orbs: Its Foxm, the Order and Diſpoſition of them among 
themſelves : and Kelatrwely, as to the Centre of the UNIVERSE. 

To explain and illuſtrate this S»bje& concerning MaTtTER and Form, it will 
ke requilite (and to the Reader's great ſatisfation) to repreſent unto him the ſeveral 
Opmions, as well of the Ancients as Mederns, touching the ſame. 

And foraſmuch as the MaTTrR of this SYSTEM, which is the Number of Hea- 
rens, is variouſly, and with much Confuſion diſcouried of by the Learned ; ſome ex- 
mafing, and others dimmiſhing the Number of them: I ſhall therefore exhibit this fol- 
bmng Synopſis (from Ricciolns, 1n his Almageſtum Novum. Lib.g. Sett.3.) of the Num- 
kr and Diſtribution of the Heavens ; with the ſeveral Authors or Affertors of the fame. 


4 SYNOPSIS of the Number of the Heavens according to ſeveral Authors. 


(That 15, One Wirld, according to Ariſtotle, 

And that ſydereal and fluid, according to S. Chryſoftom, Tertullian, 
| :  S. Bonaventure, Tycho Brabe, Longomontanas, Kepler, Bullialdus, and 
L Heaven, I Tellez. 

And that ſydereal, but ſolid, according to e/£gidius, Hurtadus, Ciſal- 


-L finus, and Aver(a. 


"Thar is, the Empyrawm created the firſt day, and the Firmament created 
the fecond Day, according to Clemens, Acaſirrs, Theodoret, Anaſta- 
ſius Synaita, Procopins, Suidas, S. Bruno, and Claudianus Mamertus. 
4 Thar 1s, . the Sydereal and Aereal, according to Fuſtin Martyr. 

.» - SI . 
| Thar 1s, one of the fixed Stars, the other of the Planets, according 
| 


IL Heavens, 


to S. Gregory Niſſen. 
That is, the Primum Mobile, and the Sydereal, according to Maſftrias 
C and Bellutres. 
| II. Heavens, 
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iTo wit, the Emperaum, Sydereal, and Aereal, according to S. Baſil, 
S. Ambroſe, Damaſcene, Caſſioderus, Genebrardns, Suarez, Tamerus, 
| Hurtadus, Oviedus, Telex, and Borrns. 
HI. Heavens, < That is, one of the Fixed Stars ; one of the Planets, and the other 
Aereal, according to Gregory Nyſſene : 
| The Emperaum, Watery, an Sydereal, according to Thomas Aquinas, 


That is, the Watery, Sydereal, and Aereal, according to Cajeran. 


That is, the Empereaum, that of the fixed Stars, that of the Planets, 
IV. Heavens, and the Aereal; according toS. Athanaſius. 


(And all Sydereal and Solid, wiz. The Fixed Stars of Saturn, Tupiter, 
| and the Swn, (with Mars, Venus, and: Mercury included,) and of 
V. Heavens, < the Moon; according to Oviedws. 
That is, the Empereum, | the Water, that of the Fixed Stars, that of 
'« the Planets, and the Aereal; according to Ricciolus. 


(But confuſedly reckoned ; by Philaſtrius., 
That is, the Air; the «Ether, Olympus, the Fiery Heaven ; the Firma. 
ment, the Angelical Heaven, and the Heaven of the Trinity ; are 

VIL Heat reckon'd by Beda. | 
- FIAVBI, © Thatis, the lower Region of the Air, the upper Region thereof, the 
| -| lower Region of the Fire, the upper Region thereef, the Sydereal 
Heaven, the Chrytallme Heaven, and Empyraum ; according to 
LL Rabanuc, | 


And all Sydereal, that is, the Heaven, or Sphere of the Fixed Stars, 
and the Seven Spheres of the Seven Planets; according to the Babyle- 
nians, Egyptians, Eudoxus, Plato, Calippus, Ariſtowe, Cicero, Philo 

VUL. Heaven, o Baſil, S. Ambroſe, Damaſcene, Bonaventure, Remigius, Thomas 
Aquinas, Aben-Ezra, Carthuſianus, Iyranus, Toſtatms, Brugenſic 


Lt Riccim, Orontias, Cremonanus, Philaliham Anticus, Ruvits. , 
'\ That is, the Emperaum, andeight Sydereal ſelid Heavens ; according 
to Arriaga. | 


That is, the Primum Mobile, the eight Syderea! Heavens ; according to 
IX. Heavens, Meacrobias, Haly, Alpetragine, Rabbi Foſuez Rabbi Moyſes, Sos, 
Abrabam Zagutus, Sacroboſcus, Claromonmtizs, and, as ſome (bur 

LL falſly) conjecture, Hipparcus, and Prolemy. 


TThat is, the Primum Mobile, the Sphere of the Motion of the Fixed 
Stars, the eighth Sphere, for the Motion of Trepidatjon in Longi- 
tude, and that of the ſeven Planers; according to Alphonſus and his 
Followers, Fernelius, Purbachius, Regiomontanus, Amicus, Appianns, 
Mautolicus, and Logins. 

X. Heavens, 5 That is, the Primum Mobile, the Sphere of the Motion of Trepida- 
| tion 1n Longitude, that of the Fixed Stars, and the Sphere of the 

k ſeven Planets; according to Arzabel, Thebit, and Iſaac Iſraelits. 


That 1s, the Emperaum, the Primum Mobile, and eight Sydereal Hea- 
vens; according to Guilielomus Pariſienſis, and Fohannes Antonius 
Delphinus. 


That is, the Empereum, and the ten moveable Spheres of Alpbonſus 
and his Followers, before-mentioned; according to Petrus Allia- 
cenſis, the College of Conimbra, Martinengus, and ( ſometime ) 

Xl. Heavens, 


Clavins. . 

To wit, the Primum Mobile, the Sphere of the firſt Libration 1n Latitude, 
The Spexre of the ſecond Libration in Longitude, the Sphere of the 
Fixed Stars, and thoſe of the ſeven Planers; according to Fohannes 
Vernerus, Leopoldus de Auſtria, Fohannes Antonius Magimus, and (in 
his latter days) Clawivs. 


XII. Heavens, [Ifto theſe foregoing you add the Emper.eum, there will be XIL Heavens. 


That is, ſeven Spheres or Orbs, counting from the Primum Mobile 
XIV. Heavens, to the Aplane or Sphere of the Fixed Stars ; and ſeven of the Planets ; 
| according to Fohannes Baptiſta Turrianus, and Fracaſtorius. 


Having 
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© Having by the foregoing Synop/is ſufficiently explained the Number of the Heavens, 
which is the Matter of the Mundane Sytem; we are in the next place to give an ac- 
count of their Ordzr and Di{peſit:on, which 1s the Form thereof. 

According to its Form, the Mundane Syſtem 15 confider'd under a doublz Hypotheſis, 
either as having the Earth ſeated 1n the Cenire of the Univerſe, immoveable, and tne 
Sun and Heavens moving about it; or having the Sun in the Centre, exempt from any 
Motion of Lation, and & Earth moving abour it in the Solar Orb, 

And'it is worthy Obſervation, (as Rzcctolus notes,) that the two Sets of Philoſophers 
and Mathematicians, the one maintaining the Earth's Mobility, the other its Immobility, 
have had in the Schools, through ſeveral Ages, like Caftor and Pollax, alternately ther 
Riſe and their Fall. For firſt, Pythagoras, with ſame others of his Se&, placing the 
Earth inthe Centre of the World, making uſe of Eccentricks and Epicycles, feated the 
Sun in the midſt of the Planners, Bur others of the Pyrhbagoreans, retaining Epicycles 
and_Eccentricks, placed the Sun in the Centre of the World, and the Earth in the 
midſt of the ſeven Planets, | 

Afterwards Plato, placing the Earth in the Centre of the World, ſeated the Sun in 
the midſt of the Planets, yet ſo, as for the moſt part, he ſupnoſed Venus and Mercury 
to be carried above him, whom Eudoxus, Calippus, and Ariſtotle followed, endeavou- 
ring to explain the Motion of the Planers by Concentrick Circles : So that they conceived 
neither Venus nor Mercury moved 1n Epicycles, above and beneath che Swn; bur either 
always above or always beneath the Sun. 

After this, others again, reducing Eccentricks and Epicycles, placed the Earth in the 
midſt of the World, as Archimedes, Hipparchus, Sofigines, Cicero, Vitruvius, Pliny, Ma- 
crobius, and Capella; but differed among themſelves, as to the various Order and Dif. 
poſition of the Planers. Others again, as Ariſtarchns, Philolaus, and ſome Pythags- 
r4ans, removed the Earth out of its central Poſition; and made it move about the Sur, 
by them placed in the midſt of the World. | 

In proceſs of time, Prolemy, reviving the firſt and ancient Pythagorean Syſtem, re- 
eſtabliſhed Eccentricks and Epicycles, placing the Earth in the midſt of the World, 
and the Sun in the midſt of the Planets, Which Opinion continued, and was em- 
braced by the greateſt part of Aſtronomers, until the XIV. Century after Chriſt ; +. 
though the Order of the Planets were changed by Alperragius and Geber. On the other 
fide, Turrianus and Fracaſtoris, retaining the Prolemaick Order, brought in again Con- 
antrick Circles, and thoſe more in number, by many, than either AIG or Endoxas 
had introduced. About which time Copernicus, railing as it were from the Grave, 
the Hypotbefis of Philolaus and Ariſtarchus, touching the Earth's Annual Motion about © 
the Sun, in the Centre of the Univerſe, et forth and illuſtrated the ſame wich ſuch 
fair and probable Arguments, that it hath prevailed with moſt 4/fromomers at this day. 
He made Venus and Mercury, with Plato, Vitruvius, Macrobius, Capella, and Bede, to 
move, now above, now beneath the Sun. Hence Tycho Brabe, and with him Longo- 
montanns, took occaſion of introducing another Syſtem; wherein not only Veuws and 
Mercury, but alſo Mars, Fupiter, and Saturn, are ſuppoſed to move about the Suy - 
| and the Sun and Moon, with the Fixed Stars about the Earth, immovable in the Cenere 
of the Univerſe, retaining the Eccentricks, but rejecting the Epicycles of Prolemy. At 
kngth Argolus, altering the Tychonick S1/tem, makes the three ſuperior Planets to move 
about the Earth 5; Venus and Mercury about the Sun; ſeating the Earth in the midſt of 
the World. * From whom yet Ricciolws difſents, making Saturn, Fupiter, the Sun 
Moon, and Fixed Stars, to move about the Earth; and Venus, Mercury, and Mars about 
the Sun. Theſe various Sentiments of the Learned, touching the Order and Diſpoſi- 
ton of the ſeveral parts of the Mundane Syſtem ( as they have been in divers Apes 
facceflively afſerted), being thus briefly enumerated, we ſhall next give ſomewhar a 
more ample Deſcription and Uluſtration of the ſeveral Hyporbeſes, and exhibit withal 
to the Reader's view, the Schemes of each particular Sy#em. | 
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Of the Several 


SYSTEMS, 


BOTH 


ANCIENT & MODERN, 


T. Of that of Pythagoras. 


Fig. [. N this Syfem the Terraqueous Globe 1s ſeated in the midſt or Centre, about it the 
: Elementary Region; next above that the Moon, then Mercury 3 next above him 
Vents, the Sun as Moderator of all, being placed, as in a Throne in the midſt of 

the Planets, environed not only by the three foregoing, called the Þferior, but by 

Mars likewiſe, Fupiter and Saturn, called the Superior Planets; above Sturn is the 

Sphere of the Fixed Stars, called by fome the Firmamenrt. | 

This was the firſt Pyrhagorean Syſtem, embraced by Archimedes, the Caldeans, Ari- 

ftorle, Cicero, Livy, Ptolemy, Alphonſus, Purbachins, and the greateſt part of 4{trone- 


. 


mers, until the time of Maginzs and Clawine. 
IT. Of the Platonick and Porphyrian Syſtems. 


Oncerning the Syſtems of Plato and Porphyrizs, there is a wanderful Concordancy, 
Fig. Il. they both agreeing, that the Earth with the Elementary Region were placed in 
the Centre; above that the:Moon ; and immediatly above that the Sun ; above hitn 
Mercury; then Venw; above her Afars; then Taper ; laſtly, Saturn. In the ſecond 
place is that of Porphyrias, and forme other Platomfts beforementioned, agreeing in all 
' but this, That whereas Plsto immediatly above the Sun placed Mercury, and then Ye 
uw, Porgbyrius unmediatly above the Sun placed Venus, and then Mercury above her. 
Of which laſt Macrobize, Lib. 3. in Sammn.' Scip. C, 3. gives this accompt. The Jats 
Platoniſts (lays he) repwdiated the dimenſions of Archimedes, ar not obſerving double and_ 
triple Intervals : For they held that what was the Diſtance, or Interval from the Earth to 
tbe Adoon, the ſame was double from the Earth. to the Sun ; and the Diſt ance from the Earth 
to Venus, was triple from that fromthe Earth to the San ; and fromibe Earth to Mercury, 
four times that frow the Earth to enus; and bow far the Diſtance was from the Earth to Mer- 
Ccury, Nine times that was the Diffance' from the Earth to Mars; and the Diſtance from the 
Earth to Jupiter, Eight times that from the Earth ro Mars; and the Diſt ance from the 
Earth to Saturn, ou and twnty times that from the Earth to Jupiter. The ſame or- 
der is likewiſe alſerted by the Author of the Book De Mundo. Theſe three forego- 
ivg Syſtems are compoled all of Concemrick Orbs. 


HE. Of the Xgyptian Syſtem. 


Fig. IL mo Syſtem, followed by Vitruwius, Martianus Capella, Macrobius, Beda, and Ar- 
| got, is compoſed partly of Concentrick Orbs, partly of Eccentrick, as may appear 

by the Scheme ; wherein we may perceive the Earth ſeated in the midſt of the World, 

with the Elements, and immediatly above them the Moon, then the Sun; about whom, 

- as their Centre, firſt Mercury, then Venus are ſuppoſed ro move in Epicycles; above 

theſe Mer, next Tupiter, and then Saturn; of this Syſtem thus Macrobins, 1n Somn. 

Scipion. Lab. 1. C. 9. The Egyptian ſubtilty is not without reaſon, which is this 5 the Circle 

wherein the Sun runs bis courſe 1s ſurrounded with the Circle of Mercury, as Inferior, and 


by that of Venus, as Exterior. And hence it & that theſe two Stars, when they are m 
| the 
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the upper part of their Orbs or Circles, the Sun is held to be above them. Thoſe therefore 
who affirm the Spheres of theſe Planets to be under the Sun, are perſuaded to believe it, 
from this appearance of their Courſe, when they run in the Inferivr part - of their Orbits, 
which 1s more remarkable and more clearly diſcernable, for when they are in the upper part 
of their Circles they are more concealed ; and therefore this perſuaſim of theirs hath pre- © 
wailed, and accordingly the order of thoſe Planets hath been received almoſt by all Perſons ; 
but more perſpicacions Obſervation diſcovered this better order, and juſtly does he ſtyle ut 
a pre{picacious Obſervation, which ſo many Ages ſince, by the only ſagacicy of Wir, 
ſo clearly diſcovered 'what we find now really detected by the help of the Teleſcope ; 
and therefore Ricciolns ſays of this Syſtem, that 1t is Pulcberrimum, ac, pro hac quidem 
parte, Veriſimum Syſtems. | 


IV. Of the Copernican Syſtem. 


E come now to the moſt'Celcbrious, and at this day, moſt generally receiv- Fig. IV. 

ed Mundane Syſtem, from ws reviver, called the Copernican, but owing its 
original to the Samian and TIralick School, as being propoſed and aflerted in the one. 
by Philolazs of Crotons, in the other by Ariſtarchus Samins, both Pythagoreans ; whence 
tis called the ſecond Pythagorick Syſtem, as differing from the Gram before deſcrib- 
ed; that fixing the Earth immovable in the midſt of the World ; this, on the contra- 
ry, giving efthe Earth, not only a diurnal Motion about its Axis, but alſo an Amma! 
about the Sun, as the Centre of the Univerſe: An Hypotbeſis not unknown to the 
Romens ; and therefore Seneca in his Natural Queft. Lib. 7. propoſes it as a thingne- 
ceſſary to be diſcuſſed ; To know whether the Earth ſtanding ſtill, the Heavens be moved 
about it ; or the Heavens ſtandm? ſtill, the Earth be carried round. And again, it is 4 
thing worthy Contemplation to be aſſured, ſays be, in what condition we are ; whether m 
8 ſeat of all others moſt ſlow, or the moſt ſwift: Whether God turns all things about us, 
or we uur {elves are turned about. This Syſtem, about two Ages ſince, was reſuſcitated 
from Oblivion and the Grave, by Cardinal Caſanus, but impertetly, until Copernicus 
came and gave 1t a pertet conſummation , followed by the greateſt Wits of this - 
and the foregoing Age; to wit, Georgius Foachimus Rheticus, Mzſtlinus, Rothmanzxs, 
Stermius, Kepler, Galileo, Schickardus, Fordanus Brunns, Calius Calcagninus, Didacus 
Aftumca, Foſcarinns, and Gaſſendus ; Lausbesgins and Bullialdns, Antonius Laurentius 
Politianus, Wendelmus, Henrigonas, Rinatus Des Cartes, only dittering 1n this from Co- 
pernicus, that they allow to che Fixed Stars a proper Motion, which Copernicus denies. 
In this Syſfem we may perceive the Sun placed in the Cenere of the Horld; next 
above him Mercury, finiſhing his Courſe in the ſpace of Eighty days, or thereaboutrs; ' 
then Vews, making her Revolution in »ize Mommths time ; above her the Earth, with 
the Elementary Sphere, in the Amual Orb, which it runs through in 365 days and a 
half, by a Motion from Wet to Eaſt; that 15, in the ſame Circle wherein the Egyp- 
tians and Prolemaick Syſtem place the Sun; beſides which Annual Motion, Copernicas 
afigns to the Earth a Diurnal Revolution, in which it turns about its own Centre 
and Axis, inclined 1n the plane of the Ecliptick, in the ſpace of 24 hours, from We 
to Eaſt : The Moon, by a Menſtrual Revolution, being carried about the-Earth, as 
n an Epicycle ; Mars running about the Swn, as the Centre of the, Univerſe in two 
years time 5; Fupiter above him in twelve ; and Saturn in thircy; the Sphere of the 
Fixed Stars being diſtant by lo valt an Interval from the Sphere of Saturn, that the 
Annual Orb, in which the Earth moves, appears 1n reſpect to it, no other than a 
point. 


V. of the T ychonean Syſtem. 


T HE foregoing Sy/em, tho in appearance, of all others, the moſt rationally pj, y 
grounded, could not yer give ſo general a ſatisfaRion to the curious, but that © * 
ſome of them conceive it might admit of Alteration, or Emendation. And thence 
the illuſtrious Tycho rook occalion to introduce the following Syſtem of his, which is 
no other than a certain Transhguration of the Copernican, after this manner. Firſt, 
the Earth is ſuppoſed fixed without Motion in the Centre of the Univerſe, Concen- 
tnck to which 1s, firſt, the Sphere or Circle of the Moon's Motion ; next that of the 
Sun's Annual Courſe ; then the Sphere of the FU The Sun being placed es 
| L eng 
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the Centre of the other Planets ; in whoſeOrb (as it were two Epicycles) are drawn | 
the Circles of Mercury and Venus. At a greater diſtance 1s that of Mars, interſe&- 
ing, when in oppoſition to the Sun, part of the ſolar Sphere, and therefore being 
Achronical, is nearer to the Eerth than the Swn; above Mar: is the Sphere of Fups- 
ter ; above Fupiter that of Saturn ; above that the Fixed Stars; ſo that in this Sy/tem 
the Sun is the Centre of five Planets ; that is, not only of Mercury and Yengs, according 
to the Egyptian Syſtem, but alſo of Mars, Fupiter, and Saturn, according to the Co. 
pernicanz which hkewiſe it reſembles, as ſuppoſing fewer Converſions, and reje&ing 
the folidity of the Ptolemaick or Purbachian Orbs. But the Copernican, even in the 
Opinion of Ricciolws, ſeems to carry with 1t a greater Simplicity and Concinnity, 

Among the ſeveral Syfems which are grounded upon the Earth's Immobility, there 
are two (beſides the Tychonick ) which ſeems to Ricciolus the moſt probable ; the one 
Semi-Ptolemaick ; the other Semi-Tytomick. | 

The form of the Firſt admits the Centre of the Earth, as the Term. from whence 
the Eccentricity of the ſeveral Orbs are Meaſured ; ſuppoſing Ven, &c. Mercury to be 
carryed about the Sun in Epicycles; and the Eccentricities of the other Five Planets, 
as allo their Epicycles, not to be always of the ſame quantity ; which may be appre- 
hended by the Figure of the Egyptian Syſtem already deſcribed (Fig. III.) luppoling 
only, chat Mars in oppoſition to the Sun, be made to approach nearer to the Earth, 


4 


than the Sn does. 
The form of the Second is repreſented in the Scheme (Fig. VI ) Wherein the Sux 


is ſuppoied to be the Centre of the Sphere of Mercury, Venus, and Mars; and the 
Earth ths Centre of the Circle of the Avon's Motion, and of the Fixed Stars; as allo © 
of thoſe of Saturn and Fupiter: This Hypotheſis owes its Invention to Ricciolus, the Rea- 
ſons unpelling him to embrace it, being theſe following : 


Firſt, He obſerved that Saturn and Jupiter had Secondary Planets moving about them ; 
but Mars, Venxs, and Mercury none : Whence he conceived it probable, that Ss- 
turn and Fupiter, exerciſed as it were their proper Monarchies in the Heavens; 
and were no Attendants or Satellites of the Sun; but moving about the Earth as 
their Centre. That Mars was one of the Sun's greateſt and remoteſt Satellites, in- | 
cluding within its Sphere that of the Earth ; but Venus and Mercury his ncarer Ss "2 
tellites or Guards. | | 3 

Secondly, Becauſe m the variation of the Eccentricities of the Planets, he obſerved a E 
reve Connexion of Mears, Venus, and Mercury with the Suxz, than of Satwrs : 
an upiter. : b 

Thirdly, Becauſe he conceived Saturn and Fupiter, being more fow and Ponderous Ple- 

_ nets, to have a greater affinity to the low Sphere . the Fixed Stars, and to re- 
{pe& (as do the Fixed Stars) « 6: Earth, rather than the Sun, as the Centre of their 
Motions. 

Fourthly, Seeing that Mars, Venus, and Mercury, in their Courſes, enter into the So- 
lar Heaven, he conceived it more probable, chat thoſe Planers ſhould have the Sun 
for the Centre of their Motions, and not to have any diſtin&t Ethereal Regions 
aligned them , but to move all in one common Region; but Saturn and Jupiter 
to have their Repions allotted them. | | 

Fifchly, For that it ſeems very probable, that among the Planers there ſhould be one 
Mean, or Middle, between the Superior and the Inferior; which, in his Motion,ſhould 
have ſome things Common with Saturn and Fupiter ; and ſome with Venus and Mer- 
cnry, Viz, Mars. | | 


VI. Of the Hypotheſis of Ricciolus. 


Fig. VI. Yin Syfem, being Semi-Prolemaick, and Semi-Tychonick, in it is to be noted, That 
che intervals of the ſeveral Orbs are fo ordered, that the loweſt of the Concave 
Heaven of Saturn does not touch the upper part of the Convex of Fupiter ; or the 
loweſt of Jupiter the uppermoſt of Mars, as in the Prolemaick ; but there is a void in- 
terval between the Fixed Stars and the uppermoſt Convex of Seturn's Orb, of 9524 
Semidiameters of the Earth ; and between the Concave of Saturn and the Convex 
of Fupiter an interval of Toogs of the ſame Semidiameters ; and between the Con- 
cave of Fupiter and Convex of Mars an Interval of 5310 ſuch Semidiameters ; a 


berwcen the Concave of Venus and Convex of the Moon's Orb 1850 HAI FIR 
| 7 Beiides, 
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Beſides, the thickneſs of the whole Heaven of Saturn, computed together with its S«- 
rellites, 21361 Semidiameters. "That of the Sun, Mars, Venus, and Mercury, being 
but as one Heaven; 15 ſuppoſed to contain 19991 of the Earth's Semidiameters. | 


Theſe three laſt _— {uppoſe the Heavens, or the Ethereal Region, to be previ- 
ous, fluid, and of a'Thin, Liquid, and Tranſparent Subſtance, hke the Air, 
but more Pure, and not confifting of Solid Orbs, as the Periparaicks, and thoſe 
of the Prolemaick School do afhrm. 


Ot THE 


FIAED STAKES. 


THEIR 


I. Number. TI. Conſtellations. TI. Figure. IV. Magnitudes, V. Diſtances. 
VI. Motions, VII. Of new Stars. 


Aving largely treated of the ſeveral Sytems of the World, Ancient and Modern, I 
come naw to treat of the Fixed Stars. | 

They are ſaid to be Fixed, becaule they always keep (at keaſt ſeemingly) the ſame 
variable diſtance from one another, and from the Ecliptick ; as 1f they were ſo many 
Studs of Gold fixed m the Chryſtal Firmament, as was the Opinion of Empedocles and 
Aximenes. Hence the Sphere wherein they are conceived to be ranged, 15 called in- 
cremtes, in regard of the unalterable Order obſetved in their #nterwals or diſtances. And 
for this reaſon Ricciolus canceives the Mukitude of the Fixed Stars (as it were an 
Army drawn up in Battel array) might be called the Militia of Heaven. Having thus 
gven the Definition of them, I proceed. 


I. Of rheir Number. 


If we look to thoſe only which are moſt Notable and Viſible, as reduced to the 
Sx vulgar degrees of Magnitude, we ſhall find them, according to Prolemy's computa- 
tion, to amount to but 1023 ; yet Pliny reckons them to be 1600, Bur if we refe&t 
upon the abſolute Number all the Stars 1n the Firmament, we may conclude them 
(ho not with Fordanus Branus to be infinite, yet) to be innumerable, at leaſt by Hu- 
mane Calculation ; either as looked on by the bare Eye only, or by the help of a 
Teleſcope ; by means of which laſt, Galilzo (in his Book intituled Nuncio Sidereo) re- 
ports, that he diſcovered in the Cloudy Srar of Orion, no leſs then 141 other : In the 
Nebulous Star in Preſepe (or nr 361 In the Afteriſm of the Pleiades above 
40: In the Space between the Girdle and Sword of Orion, no fewer than 80: And 
within lictle more than one degree's ſpace in the Conſtellation of Orion, above 500 
Stars, Reitha likewile (in his Radio Sydereomyftic. Pag, 197.) affirms, that he obſerv- 
ed within the confines of the whole Conſtellation of Orion above 2000 Stars. 

Some of the Jew:ſh Doctors reckon not above 12000 Stars in all, but thoſe of the 
Cabala no leſs than 29000 Myriads ; which Number S$chickardus conceives to be too 
tranſcendent, and believes, that the whole Area of the Heavens would not receive 
above 26712 Ariads, tho they were placed contiguous one to another. But as to 
this particular, 1 ſhall conclude with this ſaying of Scertus : That thu Globe of the 
Earth which we Inhabit, being but as ove Point in reſpe of the large Expanſion of the 
Heavens, wot 60 us,the Inhabitants thereof, fully diſcovered : It 15 therefore intolerable aro- 
Lance, to imagin that our Sight (tho never [o ſtrengthened by belp of Teleſcopes) cen diſ- 
cover all the Stars in the Caeleſtial Expanſion, and extream folly ro go about to range them 
within the limits of any defiune Number ; that being the Work of Ged alone, who num- 
ders che Multitude of the Stars, and calleth them by their Names: To whom be all 
Praiſe, Honcur and Glory. Amen. p 
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I. Of the Conſtellations. 


"I HE Ancient Aſtronomers being defirous to bring the Stars into ſuch Rule and Or. 
der as might ealily be remembred ;- they have Reduced them into certain Conſtel. 
lations, and attributed to them Names, whereby they might be known. 

A Conſtellation (otherwiſe called an Afteri/m) is a certain Number of Stars, gather. 
cd rogether into one Form, repreſenting ſome Living Creature, or other thing, by 
which they are particularly known: Of theſe Conſtellations, the Number of them 
drawn now upon our Lateſt and Beſt Celeſ;al Globes and Hemiſpheres, are 64, of 
which the Z,odiack contains 12. The Northern Conſtellations 23. The Southern Con- 
fellations 29, which make 64 To which may be added a Star of the Second Mag- 
nitude, taken notice of by my Honoured Friend Sir Charles Scarborough; who, with 
ſome other of his Mathematical acquaintance, being together, (upon that Evening on 
which preceding day, the Serene Majeſty of King Charles IT. arrived at London, after 
his long abſence, obſerved a Star to appear in very great Splendor, which Star lying 
informis between Urſa Major, and Coma Berenices, he laid to the reſt of his company, 
that that Star deſerved a Royal Epither, which he termed Cor Caroli, upon that day 
it appearing fo tranſcendently bright, which Star included within a Hart, having an 
Imperial Crown overit; is ſoengraven upon our Late and Beſt Ghbes and Hemiſpheres 


and named Cor Carol. | 
Having thus given you an account of the Number of the Starz, and of the ſeveral 


Conſtellations into which they are reduced, I ſhall here lay before you, 


A Table of the Number of the Stars contained in the nate Signs and Conſtellations; 
obſerved by the Bare Eye, without the help of a Teleſcope ; according to 


Prolomy Grrember- | Bayeras | Keplerms 
The Order of the | Alpbonſns jperws, from| from di- | and | 
Signs and Conftel- | Copernicns |Clavins, vers 0- | Bulialdw. 
lations. Clawins. Tycho and | thers. 
| Pifferms. , : 
"op | Aries 15 22 29 | 23 
£ & | Taurus 44 $2 45 32 
ve | Gemini 25 30 3T 30 
SEITT I3 16 35 7 7 
<= £S |< 35 40 43 40 
be. | Virgo | 32 | 41 42 43 | 
- R ' Libra 19 20 BY 20 
HP S Scorpio | 24 2 29 27 
w H | Sagittarius z 3! 31 | 21 31 : 
DP & |! Capricorn 28 28 29 28 | 
o.< | Hepari | 45 45 | 41 45 
Hh © | Piſces 1:8 37 42 
Urſa Minor Ew | 21 8 20 
Urſa Major 35 $7 32 56 
OPS os *a4 3! 30 33 32 | 
&2 Cepbens I3 13 17 12 | | 
= Bootes 33 29 34 29 | : 
O Corona bo) g 20 $ T 
c = Hercules 28 3I 48 31 | 
©.2 | Lyra Io Eo 13 IT 
EL Cygnus 19 [Be 35 28 
'z | Caſſuopea I3 26 25 45 
Q | *eſex: p70 33 44 
= | forage 14 '>- 257 32 27 FE 
Opbiuchns | 29 | 24 39 56 | 
Serpens 1s 13 37 26 
| Sagitta bp | s 8 s | 


Aquila 
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c Aquila I5 "28 32 | 12- {| 
O Antinous | — } 7 = 7 
& 2 1 Delpbin Io | 10 10 | lo 
= | Equiculus $2” 4, © 1-8 
| - = | Pegaſus 20 | 23 | Sa: 7: 4 , 
- x | Andromeda 23 26 26 - 1. 205-1 
EE Triangulum 4 | 4 | F*-4 4 | 
[2 ; Coma Berenices | O I'4 L IS { 
Cetus | be ns 22 25 27 | 25 
| Orion 35 62 49 | 62 | 
 Eridanus 34 39 42 39 
| Lepus : I2 13 | I3 13 
Cans Major 29 29 I9 29 
| Canzs Minor 2 5 | s 5 
Argo Navs 45 FO 63 53 | 
Centaurus | 37 37 40 37 
£ Lupus 19 I9 20 19 [ | 
'S , Hydra HE 34 29 33 
= | Crater | y: 5 | Ii | il 
| 
= Corvus c 7 Ihe | TA 
an Ara | 7 | 7 | s | 7 
O | Corona Auſtr. 13 I3 13 13 | 
S | Piſis Notius | 15 | I7 I2 | I7 | 
<= Grus ——_— _ | 13 13 | 
2 | Phanix nm— 2s __14 5 ; 
Hh | Indus | ies | 12 I2 
| 2 | Pavo mamas - | ante 16 23 
| 1, | Apus | | anacns $a | I2 II | 
| ' Apss — + 4 #8, 
Cameleon c—_ wo 8 10 
Triangulum Au, | — | — "© 5 | 
Piſces Volens — | — | 7 " | 
» Dorado | — | — 7 +1 
Toucan | nm | mm | 8 | 8 
Hydius | — | — I5 2I 
The Total Number of the Fixed Stars. 
| Ptolomy | Griember | Bayer | Kepler 
ri | I5 15 SET > { I5 | 
þ K+. 55 | 9 | A 
. & 29 i 20L[ Ig | 21 
Magnitude IV | 474 | 456 + 45 494 | 
& 217 3904 j 348 | 354 |. 
Co 49 | 186 ; | 341 | 340 | 
Obſcure and —_—_ 14 8 3 13 
| In he Zodiack | 45 
: Sporides , or Inform In the Northern 200 | | 
: In the Southern 21 | 
In all | ' 1023) |. 1225 -| new {| 139% 
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HI. Of their Figares. 


A® to their Figure, it 15 apparently Round or Spherical, and ſo maintained to be 
by the Stocks, and with them Manilius: Yet Plato gives us the different 
Opinions of ſome of the Ancients. As, | 

Cleanthbes held them to be Pyramidal, or Pomted. | 

Anaximenes, conceived them to be like Studs or Nails fixed in the Chrytalline Fir-. 
mament. . 

Others imagined them to be Fiery, or Lucid Plates, or flat P:&wres, not of any 
thickneſs or profundity. ; 

Scheriedrus, and Antowius Maria de Rextha, will have them to be of divers Figures 
or Faces,. of a Polyangalar ſhape ; and ſuch the larger fort of Teleſcopes do repreſent 
them ; or, as Kepler (in his Epit. Copernic. pag. 498. ) deſcribes them, like ſo many 
Lucid Points or Sparks, caſting forth their Rays of Light every way. | 

So that we are to apprehend their Figure to be only Phyſically Spherical, and not 
Mathematically ſuch ; for in the firſt acceptation, they may be ſaid to be Round Bodies, 
however according to the later, their Szperficies may be found to be wieven, and to 
conſiſt of many Sides and Angles. 


IV. Of their Magnitudes. 


| 6 will not be amiſs 1n the firſt place, before we nndertake to {ay any thing as to the 
Maenitudes of the Stars, ingeniouſly to confeſs with Schickardus, That Veras illo. 
rum Magnitudines vere iguoramus. \ | 

But to fatisfie the Reader, I ſhall in the following Five Tables give him ſome Ac- 
count thereof, according to divers eminent Aſtronomers. Of whuch Tables, the 

I. Shews how many Minutes and Seconds their Apparent Diameters contain. 

IL How many Diameters of the Earth their true Diameters contain. 

HI. What the Solidities of their Bodies are compared with that of the Earth. 

IV. From the Obſervations of Ricciolus, ſhewing as well their Apparent as their 
True Magnitudes. | 

V. off the true Magnitude of one of the greateſt, and one of the leaſt Fixed 
Stars, according to the diſtance 1n-the Copernicon Hypotheſis, &c. 

In which Tables you may obſerve a great Diſparity ; which ariſes, partly from the 
various diſtances afligned to them by ſeveral Authors from the Earth the ſuppoſed 
Mundane Centre : Partly from the divers Eſtimates of their ppp Diameters made 
by the bare Eye, by Tycho, and others more Ancient; and by Teleſcopes by our Mo- 
dern Aſtronomers. | | 


; 


1. 4 TABLE of the apparent Diameters of the Fixed Stars im Minutes and Seconds. 


16 | ll II. HL | IV. © YT. 
Their Magnitudes. Magnit. |Magnit. nnd kl Magn. |Magnit. 
Bo Min. Se.| Min. Se.| Min. Se.|Mss. Se, Min. Se-\Min. Se 
© According to [— — n__ _ | 

ag inns lo ools g3ol4 ool} ool2? oolt oo 

| Tycho, Laubergias, Blanc. 2 - oj '73oſt ogſo 450 wn 29 

Lausbergins [ ooſo 4olo goſo toſo 1oſo of 

| Hortenſinus © oBſo oblo ogſo ogjo ozjo 02 

| Kepler 3___0012 ob! -—- ſn— . 


Il. 4 TABLE of the true Diameters of tbe Fixed Stars, and bow many Diameters 
of the Earth each contains : In Diameters, end 1000 parts of & Diameter. 


" 


Their Magnitudes, BEES. © EMS 


According to 


_— —— 


Mauroticus and Clavims 6 7504 4 « 166|3 . 8ooſg . 289[2 . 625 
Fernelius | 4 « -FO0[4 . 5c0[4 . 177]3 . 750[3 . 250[2 . 583 
Tycho 4 . 1.590[3 . o55|2 . 200[1 . 52811 . 204ſ0 . 400 
Lausbergius 4 - -O7JI]2 . 751312 * 036[t . 3586 . 957613 . 388] 
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| HI. 4 TABLE of the Solidity of the Fixed Stars to che Globe of the Earth. 


"—Y 


Their Magnitudes,  - II. IL IV, V. | VL- 
According to | | | 
Alftagenzs roo 1| 99 17% 106. © 3106 $108 2 
Fernel. Manurolicus, Clawins 107 1] go 1/72 1154 1136 1418 7 
Tjebo, Boyer, Blane. 68 1128.5 111 I[45 11.05 tÞ6.22 I 


ly ATABLE, the Obſervations of Ricciolus, ſhewing the true and apparent 
nitudes of Stars __ yo rc deduced from their forementioned ſuppafed _—_ 


from the Eerth. 
nt] 
The | The ]The greateſt|The leaſt Di-[The an Di-|The greateſt Di- 
Names of |appa- [Diſtance ac-|ſtance accord.\ſtance accordingſſtance according 
6|the Stars|rent cord. to Riccio-[to Ricciolus ofſto the Prolemaichto Tycho 1 4009 
ſeverall[Diame-[/«: of 210000] 100000 Semi-? 40000 Semidia- |Semidiameters. 
b Semidiam; of |diameters of [meters of the 
the Earth. [the Earth. [Earth : 
[7be rrue| The The trae The true|The Bedy\The true\The Me 
Diſtance | Body jutwqrnc Bod Diamet. [contains | Diame- [Body 
contains |conta.'contams | contams be ter con- [contains 
the |the Ar the Ear.\ Earth's Fains thelthe 
Eart. |Earth's |the | Diame- |Body. |Earth's [Earth's 
Body.| Diame- | Eart.\ter. Diame- | Body. 
ter. Body. ter, 
7 Di. Par. Dj Par Ds. Par. 
5$355| 8 - 70] B15] 3 . 50[42 . oo] 0. 615 . 200 
3932] 8 . 00] F12|] 3 . 20132 . oof © . 460 . 143 
2810] 7 . 60| 402 Z - 00127 . 00] 0. "0's Ip be 028 
2660 - 33] 374] 2 . J0[18 . oo] © 
2202 6 50}, 249 2 . 60,16 . ogy © >= #7 vor 
21991 6 . 40] 220| 2. gots . Fo] o. 4to. 625 
1728] 6 . 00 216 2 . 3oſtz . oo 0. 39 588 
1120] 5 . 28] 137] 2.10} $. 45] © +- 
492] 3 - 90 62] 1 FS] 3 - 25 0. 29l6 
bs; 260l 3 . 45) 34 z.wis.wis s 24\0 . ol 
4|Propus | 6 xo] 6. 00 216] 2 . 9o] 26] 1. 15] 1. $ol ©. 200. ov 
| 5 [Pletas 4 ot] 4 . 8o| 92] 2 . 70 1841.08] 1. 25| 0 . 18 . oos 
(6 [dlcor 4 00! 4. 00] 6412.15 99. B86lo. goo. 15Þ. og 
But the A/fronomers of the Copermican Opincon maintain the Magnitudes of the Fixed 


Stars to bs far greater than the foregoing Tables ſhew them to be: I ſhall therefore 
annex this following Table. 


V. A 


ern, lian 


STINT HOPE 
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\V. A TABLE ſbewing the true Magnitude of the Fixed Stars ; {hat is of STR IUS, 
one of the Greatelt; and ALCOR one of the Leait : Supp»ſing the apparent Diame 
ter of STRIUS to be 18 Seconds, and ALCOR 4 Seconds, according tothe D;. 
ſtance of the Copernican Hypotheſis, maintaining the Parallax of the Fixed Stars, 
made by the Earth's Motion, not to exceed 10 Seconds, and imagining the Diamete; 
of the Annkal Orb to be ſuch as upon thoſe Principles it us ſtated to be. 


—— 


— ——— 


hy. R———— 


_ __ | The true Magnitude: of | The true Magnitude 
ts vp oigad SIRIUS.  & 4LCOR 
| erted, 1n 
6 SEN m5 he Body of Sirius, com (23 * The Body of 4 
Semidiamet. | 5 > |The Body of Sirius, con |, = (The Body of ALCOR 
| —_—_— of the 2 RE tas the EARTH, Z & = contains the Earth's 
; ED EE 
| EARTHI.c5: Body. Zg5< Body 
Copernicus 47,439,500 _ 71,677,713,000| 1992 4375,45 4,048 
| Herigonine | 49,502,4-0] 4350 $2,312,875,000] 2068 8,844,058,432 
(Gall ers 49,832,416! 4380 $2,427,672,009| 2992 9,155,362,688 


|Bulialdus 62,227,920, 5200| ,145,577,000,000] 2530| - 15,941,277,000! 
|Lausbergius 61,616,122| 5424| ,159,371,956,024| 2555] 17,333,761,472 
Keplerus © 142,746,428| 12550} 1,967,656,371,009| C009| 216,000,000,000 
Vendelinus 604,589,312|53200|15,056,582,502,000|253809 1,767,384,872,500 


Theſe Magnitudes may ſeem exorbitant to ſome Perſons, but in the Judgment of 
the intell1gent Schikardus, Eorum Speculationes qui Calum ftellatum longiſſime 2 nobs re- 
movent, & conſequenter Aſtra plutimum amplificant, weritati ſunt proprires quontam mi- 
nora neutiquam admittit conceſſs Orbus annui Parallaxis, And Ricciolus treating upon this 
Subje&, thought fie, in the Front of his Diſcourſe, to prefix this Theorem, as a moſt 
certain truth, that, Paralaxs & Diftantia Fixarum non poteſt certi & evident Obſerva- 
tione bumanitus comprehendi, i.e. To make any true and evident Obſervations of the 
true Parallaxes and Diſtances of the Fixed Stars, 15 a Work beyond humane compre- 


henfion. 
V. Of the Diſtance of the Fixed Stars-from the Earth (or rather, the Sun. 


His is a Queſtion of that difficulty, that Pliny pronounced the Inveſtigation thereof 

to no leſs than a piece of Madneſs: And therefore Ricciolus treating of this Sub- 

je&t (in his'4/magi/#. Nov. ]. 6. c.7.) thought fit in the beginning of his Diſcourſe to 

prefix this Theorem, as a moſt certain Truth, viz. That Parallax & Diſtantia Fixa. 
rum nog poteſt cert & evidenti Objervatione humanitus comprehend. 

For indeed we know not whether the Stars are all in the lame Spherical Superficies 
equally diſtant from the Centre of the World, or ſome higher, tome lower ; and this 
was the Opinion of the Ancient Stoick Philoſophers ; and alſo of Manilins, who, ſpea- 
king of ſome Stars in the Head of Orion appearing more obſcure than the reſt, gives 
the reaſon of that Phenomenon to be 


Non quod clara minus, ſed quod mags alta recedunt. 
In his advanced Head three others ſhine | 
Deep in the Skies immer{t ; * nor yet leſs bright, p 
Though ſuch they ſeem, *cauſe more remov d from fight. 

And this Hyporbeſis is ſo ſeemingly rational, that Tycho, Galileus, and Kepler, have 
embraced the ſame ; and therefore we may rationally ſuppoſe, that their Ds ances are 
as divers as thoſe of the Planets. | | | 

Ricciolus (in his Almagiſt. Now. 1. 6. c. 7.) reckons up five manner of ways to 
attain (in ſome probabilicy) to the knowledg of, their incomprehenſible Diſtances. 

Firſt, From the Suppolition of their leaſt ſenfible Parallax. | > 

Secondly, From the Proportion of their Periodical Motion, and Diſtance of ſome of 
the more certainly known Celeſtial Lights. : 

Thirdly, From the Difference of Refrattions of the Sun, Moon, and other of the P!a- 


nets, and that of the F:xed Stars. | ; 
Fourthiy, 
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-Fourthly, From the computation of the bare Dif ance of Saturn from the Earth, 
without any regard to his Shadow. 

Fifthly, From the Di/tance of Saturs joyned with the length of his Shadow ; which 
the forecited Ricciolus ſuppoſes the moſt probable, which he thus exetmplifies. 

The Shadow of Saturn is ſuppoſed to extend to 118689 Semidiameters of the Earth, 
which joyned with the greateſt diſtance of Saturn, being accounted gor 55 Semidia- 
1 miters of the Earth: The diſtance of the Fixed Stars can be computed no leſs than 
{ 208835 of thoſe Semidiameters; that they may be clearly exempt from the reach of 
Saturn and his Satellites Shadow, will be found to be 21000 Semidiameters of the 
Forth. But for farther ſatisfaction 1n this particular, view the following Tables. 


A TABLE of the Diſtance of the Fixed Stars from the Earth, 
(or rather the Sun.) ; 

MESS tas © Fs c1 Semidiam. of the Earth. — 
| : Leaſt | Greateſt |Parallaxof the 
Jowing 25500  _ | Diſtance. | Diſtance. Fixed Stars. 

[Sec, Thir, 
Al bategnus, Tunftinus I 9000 Uncertain|1o 5 8 
Alfrag anus, Barocius 20229 40440|10 I4 
Manrolycus 20077 20986|10 16 
Fernelins, Clavius 22612 45225] 9 oY 
Mag mus, 20119 49220|l0 15 
Tycho 130009 14000lt5 06 
went Bettinus | 2290 99 (eſo; 
Ant. Mar. Rheita. 20090000 U 00 I 
Ricciolus, according to ncertain ; 
his Fourth Method hs: | | 2 oO 
To his Fifth Method 210909 1 fere | 


- — — ———— 


The Parallexes placed in the laſt Column anſwer to the Leaſt Diſtances; for accor- 
ling to their Greateſt Diff ances affigned by Alfraganus, Maginus, Fernelins, and Clavins, 
gor 6 Seconds would be ſufficient. | 


4 TY ABLE of the Diſtance of the Fixed Stars aſſerted by the Followers of| 


Copernicus : # 
Senudiam. | The greateſt- Parallax of the Fixed Stars' 
of the made from the Annual Motion of 
T1 EARTH. | . Barts mY 
, The whole from the 
AUTHORS The halt from the Diameter of the An- 
2D - | RS | FX Semidiamiter . nual Orb. 
| | Min. Sec. | Min Sec. | 
Copernicus | | Indefinite * * *X * 
Galil zus 1 3.046.400] '0 20 O 49 
Kepler formerly 34-977.067] © | 09 | oO by | 
|Kepler afterward 690.000.0009] © I2 | s) 24 
Lausbergius formerly |[|10.312.227! © 30 I 00 
Lausbergius in latter days 41.958.000 2 07 | O I5 
\Hortenſins 10.312.227! © 30 = 7 00. 
\Herigon | 1.440.000] 3 & 14 00 


A TABLE of the Diſtance of the Fixed Stars, ſuppoſing the Earth's Annual 
Motion about the Sun, and the Copernican Diſtance of the Earth from the Sun. 

Z Semidiameters [Total Parallax- of 
of the Earth. | the Fixed Stars. 


According to the Calculation of 


; Min. Sec. 

Tychbo and Maginus 7 - 850 ., 009] I 00 
Longomont anus 7 . 906. 815] 1 09 
| 13.333". 396 . © 40 
Schemerus OE 10 : 320 . ood © 45 


M m m A TABLE 
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A TABLE of the Diſtance of the Fixed Stars from the Earth, 
ſuppoſing the Earth's Motion ; and the greateſt Parallax of rhe Fixed 
| Stars, to be Ten Seconds ; and the Diſtance of the Sun and Earth, as 
this Table exhibits. | | | 
Diſtance of the Diſtance of the Fi 
According to theſe |Sun and Earth inxed Stars in Semi- 
AUTHORS. Semidiameters of diameters of - the 

; | the Earth. . poprg 
Copernicus 1150 | 47 . 439+. 800 
Mzſtlinus and Galilzns | - 1208 | 49 - B32 . 416 
[Kepler | | 3469 | 142 . 746 . 428 
Lausbergius 1498.5 | BY. O16» 122 
Bullialdus 1.469 {-- $0. $27. 920 
\Herig on;us | 1200 [- 0---YO> » my 
Vendelinus 14656 | 604. 589 . 312 


VI. Of the proper Motion of the Fixed Stars. 


HE Motion of the Fixed Stars 1s two-fold: The Firſt is their Circumrotation 
about their own Centres, termed Motus Virtiginis; in which they are carried 
about with extraordinary celerity. Their Second is their Motion of . Revolution from 
Weſt to Eaſt, in which they are obſerved to move but very ſlowly : And concerning 
this, I ſhall here inſert the Three following Contluſions of Ricciolus in his Aftroom. 
Reformat. pag. 259. | 
Firſt, That the Motion of the Fixed Stars is Equal and Uniform. 
— That their Annual Motion is not leſs than 49 Seconds, nor greater than 
I Secon ; 
, war iy That it ſeems moſt probable, that their Ammua! Metion is 50 Seconds 
o Tharas. | | | 
; From this ſuppoſition of their Anmal Motion of 59 Seconds 40 Thirds; it follows, 
that they complete not one degree in the Ecliptick fooner than in 51 years, 19 days, 
and 12 hours, very near : So that they run not the whole C:role of 360 degrees, in leſs 
time than 25579 years; which: 1s the Annus Magnus Platonicus, . (though by the An- 
cients compured to extend to no leſs than 36090 years;) which 25579 Sydereal years 
——_— to 25580 Equmotiial years ; -which will clearly appear by the following 
ave. | 


A TABLE 


« | 
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A TABLE - og the Motion of the Fixed Stars 
mn Lougitude.. 
Years {Min. Sec. Tay Years. Deg. Min. Sec. Th. 
| ————_ EE awe — =_ 
1 jo 5o 40 683 @- 5t- 30 * 46 
SES 4% > 3 62-06 43 $0 20 
| 3 s $$ -00] 63} ©. 53 12 00 
4 | 3 22 40 644 © $4 2 40 
LS 35 : 20 65] © 54 53 20 
6 3 04; 00 66] &©' 55 44; oo 
T5 $4 40 67] 0 56 34 40 
8 $ 85 -: 30 651-4. 3% 20 
9 | 7. 36 oo 6g] © 58 16 oo 
io | 8 26 40 701 & 40 6&6 . 46 
0 27 - 26 730 6 IP 97 3d 
12 [10 3 oo y 8 o© 48 oo 
13 fi'o0 5$ 40 73] 1 x 25-40 
14 [11 49 20 741] 1 2 29 20 
32 4@ : 00 N39 B 3 20 00 
16 [1} 3o 40 7 7 -4---8@ 46 
7 IS. af 20 II F $20 
18 [i5 12 oo M4 $. $206 
in 6 3 40 7% nx. 6 43 40 
230” [6 3 20 _ 7 22: I 
21 jl97 44 co EN 1A _S-:. ag. ol 
2> j13- 34 40 2030 16 a 
$2 109 a5 30 237 x---10 C26 
he 26 oo 384] 1 1o $6 oo 
25 P 6 40 SN 2 233 -46- 49 
26 a7 97 20 [ 86] 1 WE ) a8 
26 |2 48 oo| a $83: as. 
28- [23 38 4o | _ x 13" -*13 -g0 
29 |24 29 20 . 3g] a8 15 +3, **36 
Zo [a5 - 20 oo T0 0-226 © all 
31. 'jz:6 10-40 g1 _* 36-46-40 
| 32 |2 & - .36 . 92] 1 17 41 20 
$7 1237 <FS _ 06 $17 2/-35- 2327 0d 
34 2:38 42 40 94 1 19 22 - 40 
7009 23 "30 1--95] 3 20 tz 20 
| 36 jzo 234 o9| g96| 1 
37. 131. 14 40 97] 1 
[38 |zz of 20 98| 1 
39 [zz 56 oo 99, 1 
| 40. 33 46 " | = I 
$5:.13S $7, 30 200, 2 
42 135 28 oo zo, 4 
43 135 18 40 "goo; 5-37 46 
$4:137 * 9 2 þ 2. JOB] 7 oS:; 
. 45 , 138 © o0 Goo 8 
[io 10 us x 
47 |39- 41 20 + 800, 11 
48 [40 32 00 " 9007-12 
49. (41 22 40 2@009, I4 
1:50 14> - 13 30 2000, 28 
51 [43 4 ©O 3000, 42 
"32-95 © 94  w0© 4009, 56 
53 1446 45 20 $909} 70 
54 [45 36 oo 6000, 84 
5F :146 26. 409 : . 7 $00, g8 
|--56 ©147 17 2 20 8200112 
| '$7 — | Y000,126 
| 58 [48 58 ao 39000 140 
LESS: - 49. 306-4 20000 281 
ER is 40 06 25579 360 
Mmm 2 
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- or us wor or the Year 0 


Aſtron. ___— 


che Right 


tion of 100 Eminent F'xed Stars, 
# eenbo 4 70 _—_ hook to Ricciolus, i bis 
ri 


mm a. 


| Diffe.of , Declin. 
FR | Right Aſcen- a 1 | Aſcenſ. | in 100 
Names of the ST ARS. Gs 1700. | 1700. INIOOY. Oo | 
2 | —— Mi. Se | Deg.M. | M. 
ij EVE: m4: 
FRI 23 
Head of 4 _ nw 22 A 
ir 26 - 
th Foot of Andromeda. 349 1 o 44A = by S 
—— | g2y- 56-4414 : 46 Alr- 2 | 26 4 
ight Shoul el 318 55 $54 + SY 26 199 
efc Shoulder © $07 45 61 one ny. 27 13 A 
Left Hand of = — ; 294 2 4/7 7 7 hb 
© 1: (165050808 24 17 217 48 24 B[z 23 31 A 
Y Horn. OS» . Ig 24 Bl i 22| 3t A 
Firſt 1 4 in * Horn. 24 Th 6 wh 1 30 Bt - 251 30 : 
n 27 - ww 
-— op; coy ] 73 35 56 [NS ir $144 
Auriga. 84 29 42| 44 5! 3 
;ghe Shoulder of F Aurige. = AIRES" pn” -fipas bang I" 
6 n Bootes Þ-- om 33 Hans Br $oa- S 
| ArSurus in . 215 2 33 39 3 — 
Left Shoulder of m—_ its A Sic of | J 
On fp ns. | mw = < = 4 vo o Bl 1 301 20 - 
I 120 
[Northern _ 226 36 21 2008 $4 8 7] 4 A| 
Southern Aſinego in of 37 =p 12 Blr 20]12 $S 
Great Dog Siri«s. BEE rio 54 331 $ 59 ms 
Little Dog Proeyon. TIT CO IEW# 4 415 22 6 A|1 25|]16 S 
mr —_—__ -—4__ | 300 24 34] 13 S'z Als 1s S 
Upper Horn fp. 1301 07 29115 3 21 A;j1 26:26 S 
Lower Horn f wy. [ne 8 EE Ti aclay 8 
Firſt in the Tail o _ 322 43 39| 17 22 22 9.0 
—_——_ _——_— — 1 $9 32 16 Bjr 15 34 A 
14. 33 | ; 34 A 
CIFIC 
o Oo ; 5 \ 
n the flexure of CaſſopesÞ - ,\, k - 2 o0 | 58 40 22 4 % 64 | yz A 
a Caſopget idle. 4 321 6 201 69 17 1o | 
k in the Whote's aw. ſ 48 3% 7 "| 50 1 1 15] 31 
Bright Oe fbele fo 7 24 po 0 72 wy x 18134 $ 
orthern in T 17 7 8 [19 35 40 A fs 2591-34 
thern in Whale's _— 10 24 54 ——_ 
> = tracks 27 45 20 Blu g[21 $ 
39 4 / Bl 1 11 II 
_ © * in North Crown. WE: 29 48| 27 22 40 is A 
+=: twang 604 Fr $21 09:00 0 n n 44 202 Al 
bs Swan's _ 397 47 17| 44 14 - Bro 48]14 A 
CT OS. Swans _— 32 51. 24 Bl 0 2 
1 Io 1 
er Win he owan is 2 lfidy tBlo wi 3 
—__ alk apo. 108 50 {| TE: tis $ 
n the Head © rl 125 33 28 43 - — ai » $ 
n the Head of Pollux. 2 = 16 37 32 RE 


Bo eel Ho CA DAB +0 P_y 
— _— —— 
- Wu; 7 
xa 
ra Yb 
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Names of the STARS. | 


Righe Aſcen- 
ſton for the 
Year 1720. 


1700, 


| Declination 
for the Year 


a —y. cw__— 
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Diffeof | Declin. 
Aſcenl. | in 100 
| inrooy. | year. 


H— 


| De. Mi. Se. | De. Mi.Se. 


1 DegM. | M. 


8 8 
[Head ESHETSSIONN 
4 es . 19 
oe Righe Shoulder. _ 31 33:14 3% I9 45 =19 — 34. & 
+ Left Shoulder. 138 IS 22Y 7 21 Z9 7 "iP \, 8 
Hjdra's Heart. a ee EC 16 Bt1 22% 284 
ar eas. - fra: 4: Blr 19 |34. 
Lion's Heart Reguius. | 175. 25 Om oe : BI 253129 
[yon's Tall. : 50 45 47 , 21 2 B p I 2 34 S 
Bright * in 7ubs Leona, - 164 32: 20 | 223 7 44 ml xs 2 
Bright # in Lumbis Leomis, 149 5S $2] 24 53 54 Bl: 28 {| 2 
Uppermoſt in the Neck. 147 47 5218 13 33 P22; Jer? 
Loweſt in the Neck. DG ROORE » 41 —— — 0 "— s | 
= IH es: I -8 FI 23o x 4 ho" rot | Hh 
Thigh of che Hare. 225 IF 261 8'14 8 A|2. 25 | 27: 
 INorcnern Scale of Xs 218 35 I2i 14 45 + Blo 50 | 4 
uchern Scale an - | 276 39 32! 358 321 mien my ge 
Bright Star in ==. ”  —_ _— _ | 
———_— = = ! 260 15 38 whos — go : p 23 8 A 
C Head. 239 47 37 2 5 10 $0 10 A 
Lefr Hand. 252 39 40 9 53 30 1 23 | 15 A 
| ' Left Knee. 162 BY 28] 4 44 40 cd 
| __ \Right Shoulder [162 8 351 4 44 4 Bir 22 |7 
, —— | __ . d. 79 41 To g 34 38 y-_ 4 
Uppermoſt in Orios's Hea 5% 41 T1 19 
A Righe Shoulder. 97 16 40d 6 3 2 Al ret 
Orion's < Le 141" wh Ins 2 59|'8 33 a4 I 17 17. 
Foot, Rage 79 9 48] 033 wr | 27 | 
Ar % 12 TS 1 16 Is $ 
ſa Orion's Belt, the , 81 18 25} 2 _ OE - pl Rees 
en a. 322 27 36} $ + s 5 I 12 | JS; 
Pegaſus Mouth. 3242 20 Z9 26 2 ” Bji 5 32 
$51 Alpharas in the Leg. W; 342 28 10| 13 35 4 i 16 | 34 A 
'Mareab in the joyming of Wing. 359 27 F113 32 F 1 28 | 13 
Tip of Pegaſas Wing, 43 32 18148 4454 1 937i) 35 
Peg #ſus Side. 42 12 42| 39 46 30 A 
Bas Al Gol of Perſeus. q 51 £40 2 17 | 33 
Hindermoſt in the Hea 345 2+ : | 1 18 | 30 A 
; of the Southern Fiſh. fx | 26 38 Fl 11900 Bd ci 
In the Knot in the Line 0 a> 22 48 A © 38 | - 
A TS = x..-0 I 
bright X* in the Head of 7. | wy 47 28 | 25 39 +: | : 3 "— 
Antares, Scorpions Heart. 236 53 1518 53 3 | 1 30 120 
Northern Front of Seorpins, | 236 14 3421 41 40 1 37+] 321 
Southern Front of _ k. | 232 24 ol 7 24 3 M37. W6 
T RT 5 52 10 B[1 264 $ A 
ors: oO A t 35 1 | | 
dideberan, the Bulls- Eye. | o > 18 128 19 2 : IT 7 
[n the North Horn of oY 79 55 20 20 55 + 1 24 [15 A 
In the South Horn of &. 62 43 36518 30 = 1 25 | 17 
North Eye of 3. 60 39 3511455 : | : 29 Jar Al 
Loweſt of the Hyades. | 52 27 351 23.9 24 es 
Bright * of the Pleiades. pn OD a Ms t 1941 922 A 
— - EE I97 22 $5 | 9 33 30 Blrz 1 | 34 5S 
| |Spica Virgins. $90 10; GETS ” 2, 64 
irdle of Virgo. 191 2 20' 12. 34'5 hy — Bright 
[mdemiatrix in "x. Mmm 3 
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— "a2 © Right Alcen- , Declmation - Diffe.of ; Dedlin 
Names of the STARS. fron for the | tor the Year + Aſcenſ. | in too 
"| Year 19900 3 10a { 11 10oy. | year. 
en RE REED: 


1.14 | De. Min. Se. | D. Mi Se. {( De. M. 1 Min. | 
[Bright Star in the _—_— y | r6t 17 $|6322 2 Bli 4ar[q2 $ 


of the Great Bear. | 
Bright * inthe Bear's Side. 160 52 20157 $9 2 8 $7-g-42 d 
The Bright # in the hin- 174 23 34] 55 23 42 | R We 


dermoſt Thigh. 


On the Back near the Tail. 180: 8 2|58 41 42 : 20[34 $ 
Firſt / : 199 ..7 $6157 36 58 I 9133 $ 

The <' Second ?1n the Tail. | 1973755 2 | 56 30 52 + 2122 $ 
Laſt 203 553 $o[5o 5o 56 Bn 2131 SI 

aſe s: is the ++ "Hay je | 9 $2 10|87 42 51 B 3 10| 344 A| 

Bright # 1n the Shoul- | ; 

edgy be Sed þ lam 3p orion, g[2t 

[The Right Aſcenſion of this * | | | | | | 

I ſtill decreaſes. | | | 


VII. Of New Stars. 


Hey are called New Stars, in regard they are now and then Vilible, and at other 
times diſappear, as that in Caſſuupes, diſcovered by Tycho, and three others in the 
ſame _—_—_— lately obſerved by Caſſini, one in Serpentarius ; two in Eridianus, one 
in the #hale's Neck; one in the Northern part of Andromeda's Girdle ; one in the Breaſt 
of the Swan, and anather in its Beak. The Natare, Subſtance and Generation of which 
Stars, being variouſly diſcourled of by Pbiloſephers and Aſtronomers, I ſhall paſs by, on- 
ly I ſhall here give you the Opinion of Rzcciolus (in Alm. New. Tom. 2. | 8. c. 19.) 
where he ſaith, That rhe Globes of theſe kind of Stars have but one ſide of them ſhine, the 
other being altogether obſcure, and that they move, and have @ Circumrotation about their 
own proper Axis, now turning their bright ſide towards us, at other times their Dark. The 
Periods of their ſeveral Motions are not yet determined ; but by Obſervations hitherto 
made, it appears, that that in the Whele's Neck makes its Revolution in Eleven Months, 
That in the Swav's my is ſuppoſed not to hniſh her Revolution ſooner than in 14 
gears. That in the Beak of the Swan, to finiſh hers 1n about Ter Monthi. The Pe+ 
riods of the others, Revolutions being not as yet diſcovered. 


A Table of the Right Aſcenſion and Declination of 100 Keio Fixed Stars, ce/cala- 
| ted for the Tear of Chriſt 1700 compleated; according to Ricciolus, i» Aftronom. 
Reſtorat. And of their difference.of Right Aſcenſion and Declination in 100 


© Nas 1 


BH: a Right Aſcen- | Declination | Diffe.of | Declin 
. Namesof the STARS. | fion for the- | for the Year | Aſcenſ. i 100 
p. . |} Year 1700. 1700. InIooy. | year. 


| —— 


-H———__— a 


| De. Min. Se. | D. Mi. Se. 1 De o. | Min. | 


— _—_————— 


[Head of Andromeda. 358 14 $1272706 B[1r »7 [34 A 
Girdte of Andromeda. =» | 83:21 2031 346 340 Bir 23-133. 4 
Southern Foot of Andromeda. 26 21 F5i| 4052 30 Bi 29 | 5 A, 
Fomalhans of «=, 349 11 ojz3i 810 Ajr 25 [31 5$ 
Right Shoulder of ==. 337 ©5655! 14444 Afr 20 [29 5 
iLetc-Shoulder of =. 4358-55 54 | 64846 Ali 21 | 26 5S 
Left Hand of ==. | 397 ' 45 $4j1033 44 Ar 26 |'9 Sf 
{Bright * in the Eagle. 204-2 | $ 632 Bis 237 113 Al 
ed —————_———————__—_—_— Be mane 


Firſt 
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| Right Aſcen- | Declination j Diff. of Declin. 


Names of the STARS. fion for the | for the year | Aſenl. | in 100. 
year 1709. _ I700. |} 1n100.y. | years. 
| De. Mi. : 39 De. Mi. Se. | Deg M.| M. | 
[Fir -1n Horn of Y. | 24 17 SI 46 24 Bir | £243 F $8 a 
Second in Y Horn. 24 - 36 | 16 19 24 Bi 22 121 A 
Bright one in Aries. r-- 29-0 4 3s :2 10D xr” iq 120 4 
Goat of Auriga. i 73 35 M 45 40 00 - I 49 be Lo A 
[Right Shoulder of Auriga. . 84 . 29 +4 Fi 20 B I 55 
Artturus 1n Bootes. © | 210 33 dl 20 48 2 Bl 1 : = $ 
Left Shoulder of Bootes. 2159 2 13130 359 13 AV 
Preſe wp in Cancer. _— 125 46 212043 4B | 1 28 9. S 
Northern A/imego in S. ' | 126 26- ef 3 o B12 30 S 
Southern Aſmego 1n ©. 126 54 3; 1915 © 4 I ” : S 
Great Dog Cyrius. 97 $679 611615 6 A [1 A 
Luatle Dog Procyon. 110 54 331 55912 Bin - % 
pper Horn of WV. | Hens 24 34| 13 22 6A|x I _ 16 
wer Horn of WY. 201 '9 10:15 38 2 Afr ay 129 $ 
irſt in the Tail of Y. 320” 56 29] 175421 Aji 26 | 26 
ne in the Tail of Y. 322 43 4 172222A|1 25 29 $S 
Bhs one in Caſſpes's Chair. | 258 14 of $7 32 116 B[r I5 134 A 
(Scheder. or the Breaſt of Caſſiopes. _ o| 54 55 16 B[ I 22 | 34 A 
In the flexure of Caſſupes. 9 45 58 «59 7 36 B | I 27 l24 A 
In Caffopea's Knee. 16 36 $8 4022 Bit 35 [ 33 A 
Cepbns his Girdle. 237" 6 10 Bls 22 | 26 A 


right ons in the Whales Jaw. \ 41 38 ' 2 5050 B[r 15 | 25 


orthern in the Whbale's Belly, V 24 12: © 7 11 4450A[1 15 |] 31 
thern in the Whate's Belly. 7 5 8S$[19354 A;1 18 | 324 
Northern i in the Whale's Tail. _— 2 NP "734 
rome in the North. Crown. j 230 39 o| 274520 Bi F !21 $ 
To Badkof the Swan. 289 39 48| 275 2240 Bl n 1 1 ii A 
wg Swan's Breaſt. 1402: 55 : $321 39 20 5 Bro 3xT1% 4 
n the Swan's Tall. 207 47. 19, 44 1451 Bj oO FIZ] 202 A 
Voper Wing of the Swan. 293 $6 3 | 44 26 21 Bio 4% | 14 A 
Lower Wing of the Swan. (3098 29 32 51 24 Blo o jr A| 
right one of the Dragon. |. 2679 25 0 51 35 2 Blo 35 | 2 
n the Head of Caſtor. 108 50 45 | 32 3026 Bq1i 44 | 11 S 
n the Head of Pollux. | is 43 36125 43 23 B | 8:2 12 
right one in thaTwins Foot. 935 3 32! 163732 Bl1i 2 2 
Hercules Head. -255 21 37|14 46 48 1 2 4 H Ws. 
ercules' Right Shoylder. : 244 19 35\22 11 4o Blix {F [15 $ 
Hercules Shoulder. | 255 31 33 | 25 15 4$ \| © 5:8. $ 
eatt of Hydra. 135 '12) 230 95 2130 A[1 175. | 25 A 
on's Heart Regulus [445 4 I5| 13 25 16 Bj 1 224; 28% 
orfs Tail 175 25, 341 16 14 4 B[1 19 24 S 
Bright onoin Jubs' Leonis. '159' 48' 47] 2121 o B11 255}29 $ 
right one'in Lumbis Leonis. 164 32' 20] 22: 7. 44 B;, 1 27”; 34 $| 
Uppermoſt i in the Neck. 149 58 52|- 24 53 54 B | 1 258: Ih E 
|Lowoſt in the Neck. 147 47 $5201.15 13 33;; SB B' 1 28 1128 | 
[Thigh of t the Hare. | 75 51 30]-2059 0 5K i COD ir Hip | 
Northern Scale of Libra. 225 I5 26|*81446 Ar at 1ak 
uthern Scale of Libra. | 218 35 12,144518 A, 25 Þ} 27 - 
Bright one in Lyra. _1276 39 12 | 38 32 16 B LES (- | 4 A) 
M mm 4 Head 
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Right Aſcen- Declination. ' Diff s Declin. 
fion for the | for the Year Aſcenl. [in 100. 

Names of the STARS. | Year 1700. 1700. . | inoy:. [ers 
De. Mi. Se. | De. Mi. Se. Deg M.\M. © 


— 


—_—_ 
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Head of 260. 15 38[| 12.49 22 B | r vs | ”. $ 
Left Hand of [239 5 37 SS AL 23 118 A 
Right Knee of Ophiacus. 252 . 39 40] 95330 Ajo 50 |1o A 
Left Knee of $6 It 37] 15 16 30 A| CS 1104 
{Righe Shoulder of 162 8 38] 44440 Blr: 13] 55 
[Uppermoſt in the Head d of Orion. * 79 4t 10] 93438 Bji 22 |» A 
Right Shoulder of Orion. | 8s -43 41 97 10240 Blr 23 | 4 a 
Left Shoulder of Orion, 97-16 40; © 3-3 Byr 29 458 A 
Foot of Orion Ripel. | vs 50 8 3342 A | "3.08 | gs - £ 
I | 19 9 48 | Qa 3250 Afr 17. :5...5 
ic In the Bele of Ore. 8 12 54; 12546 A | F-19 | 2 
3 |- 6r 18 25] 2 B20 Al1. 16 | « $ 
Mouth of Pegaſus. 322 29 261 kan gs Biz 168: 4 26 A| 
Sa'd Alpharas in the Leg. 342 20 36 | 26 28 35 B| 118 F 3»::A 
Marcab in the joining of the Wing. | 342 28 10, 13 35 58 By1i 15 {321 A 
End of Pegaſus Wing. 359 27 25{13 3256 B | © 16-3446: 4 
right one 1n the Side of Perſews. , 45 32 18! 48 4454 Br 28 ji2 Al 
Ras Al or of "omg , 42 12 42 | 39 46 30 B| b-:-29 | 24-—A 
ho ng whe Berl pag 54 51 140 5 BJr 17 124A 
n the Knot in the Line of X. 26 38 F511 119 © Bs 18 | 20:4 
Bright c one in i the Head of 7. | $92 3. aA2 21 1.3.3 
Antares, Heart of Scorpius. 243 4) 23G ICT ATI 32 016. A 
Northern Front of | 236 58" 154185336 Ain 28 j 16: A 
Middlemoſt & Serpi 236 14 34|21 41 40 A | s 30,1 20 A 
uthern Front of | 235 18 ”=— 3 1 35: 128 A 
1 Brighteſt in the Neck of Scorpius. ' 232 24 ty 7 24 36 Bl 15 | 21. $ 


Aldebaran, or Southern E <p 64 41 351155210 B|1 263 [15 A 
'YIn the Northern Horn © be 5 51 18|[28 19.2 Bir 37 


thern Horn of &. 55 20,20 55 58 Bl1 31 | n A 
Northern « of TE, 1 43 36 | 15 3028 B[1 24 117. 2 
Loweſt of the Hyades S. Fo 39 35] 145538 Bj1 25 |17 
nt one of the Plejades 5. | 52. 27 . 7-351 23 924 B[1 29 | 21 A 
ca f*,7 197 22 $55| 9 33 3o Bi 192, 32z A 
Cirdles Virgo. wo 0 337.5 234 Bir 258 134 : 
Vindentiatrix in Virgo: ; I91 52 204] 12 34 58 Bl1 17 133 S 
, hould- = 
The Bright one in 1 the Shou | | 
| ef of hy Greater Bear. = 17 $]6322 2 Bl. 47 132 S 
[The'Bright one in its S1de. I60 F2 5759 2 Blzx 37 4.32 $S 
| The' Bright one in the hmder- Bj9Þ 14 $ 
| moſt Thigh. Di Bl 23 
j On the Back near the Tall. i860 8 ; B Bl: 20 | 34.5 
| Firſt 199 7 56157 3658 B 9 | 33 
} The &Second in.che Tall. ] 197 55 2» | 56 309 52 B | 3 132 S 
CLaſt 203 53 $50 |50 50 $6 B 2 | 31 :J 
The laſt in the Tal of the le(- 
fer Bear, now the Pole Star. 7 F480 | $7 42 51 B| py FP | 343 A 


The Bright one in the Shoulder, 
Ts piper, C | SIS  "3P 20 | 75 37 30 Br I5 | 24 A 
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A TABLE ſrewing the Right Aſcenſion, and Diſt ance from the South Pole of 25 emi- 
nent Fixed Stars m the Southern Hemiſphere, with the Difference of their Right Aſ- 


cenſion, and of their Diſt ance from the Pole in 109 years. 
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Right Aſ-|Diſtance {Differ. of |Diffe. 


| X cention [from the |R.Aſcen [of Di.|Z 
The Names of the STARS _ | © _____ SouthPolej100year.|a Pole] 


de. min.de. min.'de. min.\min. 


— ——{ ——__ 


The Srar next the leſſer Cloud.  . 1 2620026 | 194 |20 Zi 
The Head of the Phenix. 2 36165 $5 ot 16 py 2, 
Achernar. : 20 15 i234 f5- [© $6 138 ; [i 
The Head of Hydre: 1 | 26 58. [26048 Sſo 46 S|2g S| 3 
The Northern bright Star of the Dooe. $2 48088 47 (0: 8 | 4 S| s 
The Southern of them. 84. 58 $154 200' $3 $2 S, ? 
Canobus. 94 13 137 34 2 33 : SS S141 
That between the Great Dog's Thighs. 101”. 32:S$161 [32 - ſo $58 $S| 7 \ 
That 1n the Belly of the Dog. [103 52 {6 2 S': 14 :9r'sS 52 
[n the Tail of the Dog. 107.52. [61 23 ſo $59 [lo S | A 
The bright one in the Maſt of the Ship. 118. 3 j5o 58 © 52 S116 2 
The bright one inthe. Deck of the Ship: | 119 © 51 5/43 47 fo 46 $16 $S| 2 
=_ NPs _ - X 123 $2S31 - 36 Sſo 31 S119 2 
The Southern of the two that follow al t a 
the Section of the Keel. | 13 7 oa 3» =. | . 
The Southern in the Setion of the Keel. ' [137 © [32 8 [o 4o [114 S | 2 
The Root of the Royal Oak. RT >. 5 (21) 49 Sſo Ig |24 S1 x 
The Northern in the Section of the Keel. . | 137 $4536 25 So 46 - j25 5 
The preceding Arm of .the Croſs. [179i'39'$33-4 6 [r 16 $23 3 
the Foot of the Croſs. [152 29 [28 45 Ss 19 S133 S| 2 
Head of the Croſs. 183 27534 45'S|[t 20 [33 | 2 
brightone inthe Loins of the Centaur.| 186 © 154% ,52Sſ1' 20 Sj33 2 
he following Armiof the Crols. 187 24/32 10. |t 24 [33 | 2 
he preceding Shoulder of the Centaur. [195 - $0555 3 |1 23 132 7 3 
=_ lefe Knee ” Ir ry 205 425 $31 16 S|t+ 39 $30 | . 
t near the Pole in the Tail of the '|,__' i Vs 1.5 
Bird of Paradile. I" Ft. $.,19.]8 2 39.5 4 
he following Shoulder of the Centaur, 206 i98 $55 -18 St 29 J29' S! 3 
he Right Foot of the Centaur. 214 32 |39- 35 SI gg $|27 f I 
the Point of the Southern Triangles 243 42 |21. 43 S|2 325 + . 
he Sting of the Scorpion's Tail. 257" 52::153" 33 jt 41 ['6 S[3 
n the fich Joint of the Scorpion's Tail. {| 258 +26: {47 16 [1 46 $; 6 EF 
the South end of Sagittary's Bow. 270 39S55 33 S11 39 |Ji Þ}2 
n the left Shoulder of Sagurary, © 4278 447 $63 120 {1 33 F' Sj2 
the'Eye of the Peacock, . -- _ 1299-56 32' 22-2 1 [iq © 15 
(The Crain's Head: 01 6 2 $23914133SFE 13 f1 32 fa5 2 
he Cram's Wing.  -r,1 +171 YG 6 [41 33 j1 36 $[28 2 
the Crain's Rump. 335- 40) 41 27-S\1 31 Sj2o' S2 
omalbaut. 339 54S5S -4t-Sir 23 [zr'S]r 
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If the Right Aſcenſion be leſs than 90 deg. or greater than 270 deg. the Diſtances 
of theſe Stars from the South Pole, are to betencreaſed for years to come, and di- 
oy vg for years paſt : The contrary in the remaining! Sermicircle of Right Aſ- 
c : : ci (31113 Co liil3; Foe & $11 33-55 4 
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OF THE 


LANETS., 


And of the 


E ETELITES 
About ſome of them. 


I. Of the SUN. 


HE moſt Glorious Luminary the Sun, preſents his ſelf to our view in the firſt place, 
wherein we will conſider, 


| I. Its Nature and Subſtance. 


With Anaxagores, Democratus, &c. of ald; and with Kepler, Scheinerus, Bullialdas, 
Kircber, -Riecioles, amd others. of late ; {It cannot with fairer probability, be conjeu- 
red to be other than a formal Fiery Body, confiſting of true and proper Elementary 
Fire, pattly © Liquid, partly Solid. The Liquid being an Ocean of Lighs, and moving 
with Fiery Blows, and flaming Ebulitions; as hath been by the aboveſaid Authors 
oblerved by help ef large Triz/copes. The Solid parts being hke the Land mn this oue 
Terraqueons Globe ; divided into Continents, Iſlands, Mountains, Rocks, &c. that th 
the vehement Motion of the Solar Ocean might be reſtrained, repelled, diflipated 
broken ; to the end it might more effecually communicate its Pan ick Virtne 


all thoſe Rodies, to: which it is to afford Light and fluence. It is alſo probable, that . 


the Solid parts of the Suy, within which the Fluid Fire is contained, as Fire in a Fr 
wace ; are thoroughly ignified in the ſame manner as the Bricks in the Roof and Sides 
of a Formace are, made red, hot, and look of the fame Colour with the Fiery Maſs of 
melted Matter within them : But this: (with ſome other the hke probable Conjecures) 
will be more clearly repreſented in the annexed Scheme, taken from the joint Ob/er- 
vations of Scheinerns ard Kircherus, © 

In which Figure the Letrers P G repreſent the Ax of. the Globe of the Sur. 
 DE-+tche Swn's Aquator. "> 1 , 

BFC: The Notth Part of the. Sup. 

H GI! The South Part of the Sun: - 

B C.H1 The Torcid Part of: the Sun. 


- A The Sexx of ioght: +» - « 

; b O, &c.: Evaporations- from-the Spots. 

- Dy | 

not (as; Ati/fale and hg.followers:fanjte) of an unalterable Subſtahce, but ſubje& to 
_ , cades and akerations, _—_ only the Generation and Produdtiotd, - but 
the Dillgluton.and Cormption of, ſeveral ſtrange Phenomena in the Body thereof (un- 
Enpwn ta the Anciewts) glearly demonltrate : Of which the moſt eminent are the Me 
cule, &_Facule Solares... --- .--. | = Is 


NCT a: +. 2. Of the Spots, &c- = 0 = 
LITE $111 33 CL; 5 ok oe 5 Hp ſ 2, 
The Macule, or Spots are certain Cloudy Qbſcurities, appearing upon the Diſque of 
the Sax, fuppoled 19-þe.3 fuliginous obſcure Matter or Vapour, ſometimes cloſely.com- 
pacted into one, ſometimes diffipated into ſeveral places, ilſung from its fervent. tie 
Body, by force of its extream Heart. Whether theſe Macule be in the Sun it ſelf, or 
diſtant from it, is not certainly determined : Yet if you conſider their firſt Appearance 
or Berth, their Diſappearance or Decay, their Shape or Figure, Increaſe, Diminution, St- 
paration, Conjunion, Motion, and other like accidents; ir 15 credible, and (by what 
Obſervation makes out) moſt probable, that they are in the very Body of the Sun, or 
not far from the Superhicies thereof ; for that, when they are obſerved near the op: 
er 
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e Obſervations lately made; by the Teleſcope, it is manifeſt, that the: Sen is 
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Jer or Edge of the Swn's Diſque, going off trom ics viſible Hemiſphere ; and turning 
about to the other, they cannot be perceived to be raiſed above the Superficies of the 


San. 
3. Of their Shapes or Figures. 


Their Shapes and Fyures are of unequal torm and greatneſs, and moſt irregular; 
which argues them not to be Stars or Planets moving about the Body of the Sun, as 
ſome ef the Ancients have ſuppoled. Some of theſe are more durable and laſting 
than others; and thoſe are conceived to be the Solid parts of the Sun, appearing va- 
riouſly figured, and of different Magnitudes, by reaſon of the virtiginous Motion of 
the Sun about ts own Axs, repreſenung them to our fight, diverſly ſituated ; which 
diverſity of their appearance, may alſo arife from the manner of the Suz's Circumg y- 
vation, Which 15 ſuch, that its Axis does not always keep the ſame Inclination to the 
Plain of the Ecliprick. ; l 


4. Of the Faculz, or Lights in the Sur. | 
They are conceived to be Fiery Globes, burſting out of the Solar Mountains and ſhinin 

amidſt the Cloudy Vapors: Which by reaſon of the innate fervor of the San's Globe 
boil up like Mountains of Light, (cattering and diſperling the darker Spores, and diſco- 
vering, as it were, a4 Fiery Ocean of unuſual Splendor; Scheinergs ys them to be 
ſmall Plats or Spaces in the San brighter than the reſt of his Body. And Gealil zo, thus, 
In the Face of the Sun (faith he_) there appear certain Marks brighter than the reſt, in 
which is obſerved the ſame Motion ds in the Spots, which that they are inhberemt in the very 
Body of the Sun, cannot be doubted, in regard it is not credible, there can be any other Sub- 
fance beſides brighter than that of the Sun. | 


5. Of the Sun's Magnitude and Diſtance from the Earth. 


The true Magnitude of the Sun (ſays Ricciolus ) ts to be had from its true Semidia- 
meter ; for that being doubled gives its true Diameter ; from whence his other kinds of 
Magnitudes are derived: Of which take the following Table. | 


af 


A TABLE of the true Magnitude of the San, compared with the Earth. 


_- * 
pe ES 


" _— 
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: True Its Cir- The Area } Its Convex Its Solidicy 

The Sun's Diame. | cumfe- | ofitsgreat- | Superficies | Contains 
Con- | rence eſt Circle | Contains | | 

[ rains _ | Contains j Contains ae, 4 

PT" Simple | Simple | Square Square Di- | The Solidi- 

Wo ding oo Diame. | Diame- | Diameters | amieters of | ty of che 

ONLOWINg of the | ters of | of the the Earth | Earth. 
thors. es Earth. | the Earth | Earth | | 
Flom Mele 5.50 | 17 . 28 4. as "he _ 
Clavius & Barocius OD - | 34 . | 166 . 37 
Ariftar- more than | 6.331 20.14! 30. 66 127 . 0s 254 - 00 
h | 6 | 8 Mr 

cbus Qleſs than ' 7 + 1 = Z9 . 05 I55 . coal. 368. 11 
Oo 3 » = _ . : ns . 00 20S . el ys . oo 

Opernicus F * O09 JI . 00 II . 
Tycho and Blancanus | 5 - 19] 16. 30 22 . 00 85 .00Þ 140. oy 

Longomont anus 5. 51] 18 . 66 26 . 0v 95 + | 196.0 

Keplerus | "y . _ 47 + 19 = Q9 706 . 09 3375 - 00 
Lewbergdt 7 - 56 ” - p . pom = -| 434 + 00 

uilialdus | \ $6.08 2 , - O00 -3 2 
Wendelinus | 64 . 00 | 200 . 96] 3216 . 00 123864 . 29 ir, . _ 
Kircherus . F - 20] I6 . 00 25-90 83 . 00 149 . 00 
Rbcita. ; [0 , OO 31 #| 78 . 00 314 oo Io0909. .,. 009 
[Riccjolus 33 - 831 106. 15] 885 . 09 | 30056 . 00 | 3869 : «© 
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Ricciolus (auth, that the attaining to the knowledg of the Sun's erue diſtance Gam 
the Earth, 1s a ſublimity chat hath hitherto exceeded the {ubtilty of all Aſtronomers: 
Yet he propoſeth Three ſeveral ways of tinding it out, 18” 


Firſt, 
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Firſt, By means of the Horizontal (or any other Parallax, of the Sun. 

Secondly, By the Ecligſes of the Sun and Moon. © 

Thirdly, By the Moon's Diſtance from the Earth. 

But however this may be found out, this is to be conſidered, That the Sun is ſome- 
times in Apogeo, or its fartheſt diſtance from the Earth : Sometimes 1n Perigeo, or its 
neareſt diſtance to the Ezrrb. By the half of the difference of which two Diſtances, the 
mees diſtance is to be determined. But concerning this matter, ſee the following Table, 
mo—_y the ſeveral Opinions, as well of the Ancient as Modern Aſtronomers concerning 


A TABLE of che Sun*s Diſtance from the Centre of the Kerb, bs 


Semidiameters of the ſame. 
| * [Greateſt Leaſt 
According to theſe AUTHORS. |ifance| Mean |Ditance 
in Apog. Perigeo. 
Hipparcus his Data 1586.90] 1472.00| 1357.00 
Or 1429.00] 1379.00] 1231.90 
Poſidonius [3141.00] —— | ——— 
Prolemaus and Maurolicus 1210.00] 1168.00| 1126.00 
Clavius and Barocins 1216,00| 1168.00] 1126.00 
Albategnius and Alphonſus 1146.00] 1107.00] I068.00 
From the Data of Albitegnius, as Lauzh. | 7936.00] ——— 
Alfrag anus 1220.00] I215.00| 1219 00 
Ferneltus - 1309.50] 1256.00] 1204.00 
opernicus and Maginus 1179.00] 1142.00] II05.99 
From the Dats of Copernicus, Laniberg. | 942.CO _ 
Michael Neander I 4 ow I160.00| 1122.00 
. - {F Max. Excentr. 1208.50] 1160.00] II11.75 
Adefronns 10 Mim. Excentr. I[197.50] 1160.00! I122-75 
[Fo. Off ucins | 1152.00| _ 
Tycho and Blancanus 1182.00] 1150.00| 1117.00 
anus 1334-00] 1288.00 1242.00 
in Ephers. 1800.00| 1768.00] 1736.00/ 
| Nin Comment. Marts —— a | 
Kepler in Stella Nows — 
in Epit. Aftron. 3469.00 
| Tex Paralaxin Tab. Rs. 3438.00! 3381.00| 3327.00 
Laubery. in Min. Excentr. 1550.86] 1498.51] 1446.26 
Iſmael Bullialdns | 1485.88] 1460.00] 1433.96 
Athanaſ. Kircherms | 1940.75] 1906 75! 1572.66 
on. Maria de Rheita 2073.00] 2009.00| 1927.90 
| | 14905.00]1 4656.00[1 4407.00 
—] 1208.00] ——— 
1145.00 
n— } 4.0.00 
7580.00] 7327.994 797409 
| 760000) 95320.00Þ 7000.00! 
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IT. Of the MO ON. 
HE Moen (being the neareſt Planer to our Terreſtrial Globe) I come therefore next 


to treat of ; an ; 
| 1. Of her Opacity, or Shadineſs. 


That ſhe is altogether deprived of any proper or innate Light of her own, is evi- 

_dent by her Toral Eclipſes, wherein ſhe is wholly deprived of her Luſtre, which, (it 

ſhe had any of her own) would cather in that greateſt Obſcuricy become the more 

conſpicuous. From hence is inferred, that the Light ſhe hath is from the Sun: And 

alſo as ſhe is an Opacous, ſo alſo ſhe is a Denſe Body, apt both to receive, and alloto 

refle& the Light ſhe receiveth from the Sun. of 
2. 
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2. Of her Aſperity, or Unevenneſs. 


That the Moon is full of Eminencies and Depreſſions ; like the Hills and Valleys of our 
Terreſtrial Globe hath been the conjefturable Opinion of the Ancients; but by us; in this 
Age, 1t 1s manifeſt to our Sigbt, by help of the Teleſcope ; and aſcertain'd to reaſon, 
by thoſe leſſer Spots (called new ones) which vary their Situations and Magnitudes, 
according to the accels arid receſs of the Sun, to which their Site is always oppoſite, 
evidencing them to be the Shadows of the more eminent parts of the Moon's Globe, 
emulating our Alps, Hills, and Mountains ; and in many 'places ſurpaſſing them -in 
height. 


3. Of her Heterogeneity, or Parts. 


The Heterogeneity of the Parts of the Moon, was long ſince believed by the Ancients, 
but by us, at this day, certainly demonſtrated by the various RefleRions of the Light 3 
from whence we may conclude, the Brighter Parts of the Moon to be the more Denſe, 
Solid, and Opacous Parts, as our Earth; and the Obſcure Parts (commonly called the 
$pors) to be as our Ocean, Seas, Lakes, and Rivers. 

From what hath hitherto been ſaid, we may probably infer, That the Moon is com- 
poſed of ſolid and liquid Parts, as is our Terraqueons Globe, which we inhabic. And 
although moſt Afronomers, as well Ancient as Modern, conceive the Moon to be, 
as it were, another Earth; yet we are not to imagine, that it 15 compoſed of the 
ſame Sand, Clay, Stones, Ofc. as this Terreſtrial Globe 1s; or that the Lunary Seas, 
Lakes, Pools, &c. are of the ſame Water with our Seas, Lakes, or Pools, but hap- 
pily of a quite different Matter, and to us incomprehenſible: And therefore, as 
co its Nature and Subſtance, we ſhall be ſilent. — But, ſince mention hath been 
made of the Macule, or Spots in the Face of the Moon; as well ſuch as are ob- 
vious to the bare Eye, as thoſe diſcernable by the help of the Telleſcope ; it will be 
neceſlary to ſay ſomething concerning hers. | 


4- Of the Maculz, or Spots is che MOON. 
The Macule, or Spers in the Moon are diſtinguiſhed into two; wiz. the Ancient 


or Modern. 
1. Of the Ancient Maculz, or Spots. 


The Ancient Macule, are thoſe your and large Spots, at all times, Uiſcernable by 
the bare Eye, without the help of a Teleſcope; reſembling large Seas, Lakes, &c. 
heretofore known, and taken notice of by the Ancients; of which Pluterch hath 
written a particular Treatiſe, under the Title, De Facie in Orbe Lune; tranſlated, and 
Commented upon by Kepler. 


2. Of the New Maculz, or Spors. 


The New Meculz, are thoſe leſſer Spots, which are not diſcernable by the bare Eye, 
but require the help of a Teleſcope; and theſe are various ; differing in Magnitude, 
Figure, Sitnation, Colour, &c. obſerved, and exactly deſcribed by ſundry eminent Mo- 
drn Aſtronomers : Among whom Langrenus, in his Selenogrephie, hath noted them 
1 bythe Names of ſeveral Perſons eminent for their Dignity or Honor, or for theic 

_ Skill in the Mathematicks. | 

Hevelius (as if the Moon were another Earrb) hath deſcribed them by Geographical 
Denominations, transferring to them the Names proper to our Terreſtrial Continents, 
Promontories, Mountains, Iſlands, Seas, Lakes, &c. of which he hath in his Works given 
us a Map, and large Selenographicel Table of theſe Names, alphabetically diſpoſed, 
too large for this place. He hath alſo another Scheme of the Full, and ſeveral Faces 
of the Moon, with the Macule, or Spots, as they appear to the bare Eye, but more 
eminently by the Tele/cope. The Scheme whereof I have here inſerted. 
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Grinaldus hath ftignalized theſe Maculz or Spets,- by the Names or Perſons peculiarly 
addicted 'O, or eminent in the Study of Aſtronomy, with a Scheme thereot; and a 
large Nomenclature of thc Names ; both which I have tor brevity omitted, contenting 
my ſelf with that of Hewel:us | 
"The Schemes and Tables here mentioned, are of great uſe and advantage to all 
Students 1n Aſ/trovomy, and necetſary for making their own Obſervations, and for 
the better underſtanding of thols made by others. 


5. Of the Diſtance, Apparent Diameter, and Magnitude of the MO ON. 


Concerning the Motion of the Moon (in this place) I ſhall fay nothing, it being be- 
ſides the preſent purpole ; but of the Diſtance, Apparent Diameter, and Magnitude of 
the Moon, take theſe following Tables, according to ſeveral Authors, 


4 TABLE of the Moon's Diſtance from the Centre of the Earth, in Semi- 
diameters of the ſame ; and its Horizontal Parallax. 
In Oppotition, or Conjunction. WOT: 
"W's a Rllowing D:jt from Cent. of the Ear | | Horizontal Parallax. 
AUTHORS. | Apog. Med. | Perig. | | Apog. | Med. | Peng. 
| Sem. AM.\Sem. M.\Sem. MM. |\ Min. Se.| dim. Se | Min. Se. 
7 39 DBA M | | | | bo 
Prolem.eus 64 10159 0153 $9] [53 3458 16] 63 51 
Copernicus 65 30;60 Ig]55 5$| 152 5657 07] 62 54 
Tycho 58 Bis6 30[54 52| [59 9{j60 Fi] 62 39 
Lengomontanus _ 57 38156 ooj54 23; 159 37,61 26| 63 14 
Lautbergius _. _ [64 10j59, $5154 09 [53 34158 B} 63 39 
Bulialdus 3 461 4olgg Fl56 , 39|' [55 $6153 16] 60 52 
. Ricciolus 64 15]}59 ool53 45; 453. 3<158. 16] 63 55 
& oP gt 5 63 $2(59 ool5F -- GS [;.4 41!58 16] 62 20 
=S t. Aſtron. &c. | . | Bu Ag: | 
S 7 rw , C 59 ofg6 2$[54 o9] (58 22160 -53]| 63 41 
Hyparcus, for {ome time 83 oſ77 ooſ7t' 02 {41 30/45 ©9 48 30 
Afterwards "© - [92 © 3ol6y 30[62. 35] [47 39151 39 te /.1 
Alphonſus 161" - Bls7 45154, 23] {53 19159 21! 63 17 
Argol 60 - 4156+ oolFrt ' 54] [56 45]6t 17] 65 36 
Vandelinus | 63 '56|69' ''oof5g6- 41 53 46157 15] 61 & 
Kircherus SE 67: yol6z "37157 24] | — | — 
| In its Duadratures. = 
Prolomaus [43 53138 43133 33 hoe I9i89 oo[loz oo 
Copernicis = 68 ' 2[]60' 19fg2' 17] |5o” '19j57 oof 65 45 
Tycho * +”! ; « f60: :36156  3ojF2 - 24] [56 44j6o Fi] 65: 36 
Longementanus 1 oc! 6o 1114456 'oolet' 57} 157 15161 26] 66 9 
Laucbergins ..\ ,-.* - + | [66:1 $8156 '5[5r "ir [or 20/58 ' B[ 67, 6 
{Bulialdus 1 . 164 S959 ' -${53"--55] [53 zolss 8] 63. 43 
Riccrolus | 66 42159 00 FI 20 FI 22 58 16] 66 56 
|S VEphemers i6r.. [36159 + 00j56"' 24} 155 26158 16] 66 58 
SS CEpit. Aſtron, &c,. MITE TRA TO TT 2 EY | h 
SI Jab, Redwph. ; i £159, 22158  25[$4,.. 09], 15H. 22160 $3163 41 


« 
\ 


As to the Apparene Diameter of the Mien, the following Table will ſhew che Opi- 
nions of ſeveral Afrqapomers, Ancient and Modernz<concerning the fame. \, 


ye gntg——s nn an nmnnbndbnnten ee Inn þ ewe i mtr  GTTUIN 

| A Syno pls of the Apparent Diameter: of the MO ON. | 
| In Conjunect,| In Apogreo. | In Per:geeo. 
AUTHORS. Oppolit. and ——— —- [——— 

| $ {quare Aſpec | Min. Sec. Mm. Sec. 
—— Ry ag IS ennoooms 
Ptolemzus, in Ts and © 31 $0 35 29, 
FO 2H EOARETNS a CEL 2 
Albategnies, n= £5 o& and Ol2g 30.35 2.9] 
' Alphonſus and Purbaccus, 1n (s1 and 62g 00136 | 5 5 


Copernicus 


. % \ 
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AUTHORS 


In ConjunR. 
'Oppolir. and 
{ſquare A Aſp. 


Copernien, Remboldus, 
_ time Maginus, in 


Maginus, in Supplimen. to Ephem. in & ; and & 
Clavins and ] Herigonius, in 


| and Some- 1s. and & 


PY Origanus, and Mulerius, in ny 


i 5 and & 


|Mm. Sec. 
re ———————i_———_—— 


. | In Perig eo. ( 


Longomontanus, 1n JE and & 24 O 
\Replerus in Epbers. in & and 'E 24 10 
In Epit. & Tab. Rudolph. in & and &30. 032 44 
Lausbergins, 1n 5 and $130 035 38 
Per. Gafſendus, 1 _ '& and &{26 36231 * | 
Ima. Bulialdus, in "4s and ©|31 $6126 

Got. Vendelinus 'S and #128 40/32 42 
\Sed. m Vertice, & and 629 10/33 5 
Rrchorns, in nn & and &ſ29 22/34 40 
Ricciolus, in ; 5 and ys by: + JO 


From the Diſtances and Apparent Diczcoaid of the Moon already given, the Mag - 
nitude thereof may be deduced 3 which (without Calculating) 1s exhubited i in the fo 
lowing Table; according to the Opinions of ſeveral Authors. 


| 4 TABLE 


According to 


[Ariſtarchus 


tolem us 
Copernicus 
Mz/tinus 
"Tycho 

Longomontanus 


- | Kepler 


Lausbergins 
ulialdus 

Vendelinus 

Kircherus 

Schyrlens 

| Ricciolus, 1n 


more than 


leſs than 


Almag. 


| [25.00 Too! 757 


27.91 !100| 700 
26.62|1 0016400 
29.43j1oc| 520 


26. 201 


Aſtr. Re. 
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of che Magnitude of the Moon, compared AE that of the 

Earth and Sun: 
The true Diam.| 
of the > and ©, 
[unto thatof the 
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The Solidity of the Moo 
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28.42|100 100% 


[27.50{100 3384 


5832 
* $000 
6648 


6999.92 


7300 
5838 


I 0000 ' 


204671 
19770 


I5965.33 


13533632 
5600 


42875 . 


_ 2123000 
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IM. of MERCURY. 


1. Of is Place. 


His Planet 1s Carried in an Epicycle about the Sun, as the Centre of its Motion, 

running ſometimes above, and ſometimes beneath the Sun, ; and ſometimes 
higher, and lometimes lower than Yenas : For, when Venus and Mercury are in their 
Apogea, and above the Swn, then Mercury 15 below Venus ; but when in their Periges, 
and beneath the Sus, then- Mercury is above Venus : Alſo, when Venus is in her Apo- 
geum, and Mercury in his Perigewm, then 1s he beneath Venus : When Venus is in her 
Perigeum, and: Mercury in his Apogeuw, then 15 he above Venus; as by the Tytonick 
. Syſtem doth plainly appear. | | | 
2. Of its Figure. 

It is (not Mathematically, but) Phyſical Orbicular, or Round, rifing here and there 
with extracting Hills and Mountains, as does this our Earthly Globe, being allo like it 
in Opacity, and receiving its illumination from the Sw»; whence art ſeveral times it is 
ſeen under. ſeveral Phaſes and Appearances : For, 1n its greateſt digreflion from the Sus, 
it appears Dichotomous, or divided into two parts in the middle ; but when Retrograde, 
and approaching to an Oppoſition with the Sun, he appears in a Figure like that of 
the New-Moon. There are likewiſe (by help of good Teleſcopes) oblerved in him ſe- 
veral Spots ſucceflively following one another ; ſome Light, ſome Duskiſh; which 
Light Spots, are (by Kircherus) conceived to be the ſaid Terrefrial and Meontanous parts 
of the Mercurial Globe, illuminated by the Sun; the Dusky ones to be the Liquid, or 
Watery parts thereof, which by their ſucceflive motion likewiſe evince, that he hath a 

vertiginous Rotation about its own Axis ; which (as Rbeita affirms) 1s determined with- 
- In the ſpace of about fix hours. | 


3. Of bis Diſtance from the Earth. 
As to his Dif ance from the Earth, according to Tycho he is diſtant 


| Greateſt Diſtance 1660 
in his Satce Diſtance Il 508 Semidiameters of the Earth. 
Leaſt Diſtance 630) 
But according to Ricciolus, he is diſtant 
Greateſt Diſt ance 10868 
in Sd Diſt ance hagr Semidiameters of the Earth. 
Leaſt Diſt ance 5246 


4. Of his Magnitude. 

Its Apparent Diameter, in its mean diſtance, . (according to Tycbo) 15 computed to be 

2 min. 10 ſeconds ; but by Ricciolus, 
..- [Greateſt Diſtance only 2 
; in It) 1.2 Diſtance R- Seconds. 

Irs _ according to Ricciolus (ſuppoſing its mean diſtance to be as be- 
fore expreſſed, and its Diameter to contain one fourth part of the Earth's Diameter, 
is concluded to be leſs than the Earth's Body by one 256 part, which being reduced 
to the Meaſures of Kepler, its Diameter may be reckoned to contain 377 Italian 
Miles ; the Solidity of its Body about 21253933 Cubical Italian Miles, 


Iv. Of VENUS. 


\ þ HE principal Remarks of this illuſtrious Planer, made by the Ancients, were 
theſe following : | 

Firſt , they obſerved her ſometimes to precede the Sun, riſing in the Morning 
before him ; ſometimes to follow the Sur, ſetting in the Evering = him; now to 
_ ro Conjunttion with the Sun, at other times receding from him, to the diſtance of 
48 degrees. 

Secondly, they obſerved her likewiſe ro differ in Magnitude, appearing ſometimes 
greater, ſometimes l/s, and ſometimes in a mean or middle Magnitude ; whence they 
concluded her to approach ſometimes nearer to the Earth, and to be tn Perigeo; at 
other tunes to be farther from it, and to be in Apogeo. 

Thicdly, 
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Thirdly, As to her Riſing and Serting, thzy oblerved that ſhe was never to be lo 
remote from the Sw, as that the ever ſet Coſmically, or roſe Acbronically. 

Beſides theſe Obſervations of the Ancients, the Modern Aſtonomers, by help /of the 
Teleſcope, have noted ſeveral other ſignal Phenomena; as, that ſhe is liable to the ſame 
v..iery of Changes as the Mom, ſometimes alinoſt Full, at other times Gibbous, and 
now and then Horned, as well when ſhe is Ve/pertine as Matutine ; manifeſted by the 
variois Obſervations of Gal:lzo, Schinerus, Kepler, Gaſſendus, and Hevelims. She is 
ſometime; likewiſe ſeen by Day, at which times her true Figare is beſt to be diſcerned. 
But the rareſt and moſt frgnal Phenomenon of Venus, is when ſhe hath greateſt Lari- 
wde near her lowelt Conjun#ion with the Sun; for then being feen by a good Tele- 
ſcope, the appears Horned, and as big as the New Moon to the bare Eye. 

Of the Sirudture, Nature, and Subſtance of this Planet from the Phenomena already 
recited; it may Þ! concluded thar it is an Opacoxs Body, and hath its Light from the 
Sun ; that 1t 1 Spherical, becauſe it is Spberically il/ummated; that it is of a ſolid and 
cnfiſtent fubſtance, in regard it is not diflipated or diflolved, (though carried in a rapid 
Courſe through the quid ether.) It is of a rough and uneven Superficies, 1n regard 
it 15 repreſented to be tnch by the Teleſcope, and otherwiſe could not in ſuch abun- 
dance refle& the Sun's Light upon the Earth. That Bodies objected to its Rays are 
ſeen to caſt a Shadow. Ir is made up of ſolid and l:quid Matter, - as is our Terra- 
queous Globe; and ir 15 found to have a Vertiginous Motion about its own Axis and Cen- 
tre, which 1t compleats in the ſpace of Fourteen Hours. | 

As to its Apparent and True Diameter, its Sclidity, and Proportion to the Bedy of the 
Earth, as allo its Di/tance from thence, Aurhors do extremely vary; wherefore, ac- 
cording to Riccrslus, 

The Apparent Diameter of Venus in its greateſt Diſtance from the Earth 1s 33 Seconds, 
30 Thirds ; in its mean Diſtance 1 Minute, 44 Seconds, 12 Thirds; and 1n its leaf 
Diſtance 4 Minutes, and $ Seconds. | 

Its True Diameter contains of the Earth's Diameter 1.015.—lts Circumference of the 
Earth's Diameter 3.6.—— The Area of its greateſt Circle contains Square Diameters 
of the Earth 1.99.4. — Its Convex Superficies contains Squars Diameters 4.014-— The 
Body of Venus contains that of the Earth r.5. —- Its Diffance from the Earth when 
greateſt 12919. — In its Mean Diſtance 7585.-—In its Leaſt Diſtance 2241 Senidiame- 


ters. of the Earth. 
V. f MARS. 


hg Planet 15 obſerved to move 1n a large Orbit about the Su», as the Centre of its 
Motion ; in which Circle or Orbit he includes the Earth with the Moon, Mercury, 
and Venus, and takes up a great part of Solar Region; and when in his Perigenm, be- 
comes nearer to the Earth than the Sun; its Parallax at that time being greater than the 
Sun's ; and by the notable increaſe of his Light, he is ſometimes taken & a Comet. 

As to his Figure, 1t 1s Spherical, and 15 obferved by Kepler, when in Square with the 
Sun, to be Dichotomous, or bilefted ; at other\times, between its Square and + uns; 
to the Sun to be Gibbous, and (as Rheita affirms) rarely to be leen perfectly Rownd. 
Hevelms denies that it canever be ſeen Horned, Fontanus repreſents itin a Roand Figure, 
wich a Black Spot in the middle. Father Si#ſalis, the Jeſuite, at Naples beheld him al- 
moſt Ronnd, with two Spots beneath che middle of his G/obe. But Ricctolus 15 of opinion, 
that if he could be {cen 1n Conjuncion with the Sun, we might diſcern him. to be 
Horned. From thele ſeveral Phaſes of his Dichotomy and Gibboſity, Aſtronomers argue 
his Light to be-derived from the Sun, as that of the. Moow. © + | 

Asto the Strutjure and Nature of this Planer, 1tis, as the reſt, Sokid and Liquid; the 
Selid part 1s ſuppoſed, by Kircherus, to confilt of a fuliginous Subſtance, like that of 
Sulphur, Arſnick, or Orpinent, hard and incombuſtible, evaporating malignant and 
deltrudtive Qualices, ſweating out 1n great plenty a birummous Matter. Its Liquid 
Parts he imagins to contift of a fot and clammy Subſtance, like melted Pitch mix'd 
With Sulphur. He hath a vert1ginons Motton about his own Cemrre, which, according 
to Rhea, 15 compleared in the ſpace of 45 hours 6 minures. -” 

Its Apparent Dramerer (according to Ricciolus) being 1n its greareff Diſtance from 
the Earth 10 Seconds, 6 Thirds: In its mean Diſtance 22 Seconds: And 1n its /eaſt | 
Diſtance 1 Minute, 32 Seconds. © be 

Its 77ue Diameter Contains of the Earth's Diameter 0.552 parts : The Solidity of his | 
Body, the Zarih's Body 0.014. | 
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Its Greateſt Diſtance from the Centre of the Earth, 15, by Riccio!us, computed to be 
21095 Semidiamiters of the Earth : Its mean Diitance 11095: And 1ts leaſt Diſtance 


2373 Semidiameters. 
VI. of JUPITER. 


His beneficent Planet is carried in an Orbit above Mars; as 1s manifeſt in the 
mutual Conjunclions of thoſe Planers, at which time he is obſcured. and hidden 
from our fight by the Interpolition of Mars; as the Sun (in an Ecliple) is by the 
Moon's Body. | 

Rbeita affirms, that he obſerved Jupiter to be inveited round with a vapid Atmoſphere. 
And Band.tus reports, that in Anno i643. he obſerved the edges of Fupiter's Globe to 
be very rough and uneven, 1ifing with Tumors hke Hills and Mountains, and diſco- 
vered 1n his Body two {mall Macnlz or Spots, and two great ones hike hollow Caverns, 
one round, the other oval, being in length about the ſeventh part of its Diameter, 
Hevelius likewiſe affirms, that the Face of Jupiter 15 variegated with Maculz or Spors, 
in a manner, like that of the Moon, and rugged, with uneven Swellings and A{per;- 
ties as that 15. But |zaving theſe to farther diſcovery, I ſhall only take notice of the 
more ordinary Phenomena maniteited by trequent Obſervations; and thoſe are, 

Firſt, Certain Faſcize, or Belts, girdling, as 1t were, the Diſque of Fupiter ; whither 
eminent parts of his Body, like Ridges; or rather hollow Furtows or Trenches, is un- 
certain. Theſe are ſaid to be hirit dilcovered at Naples, by Fo Baptifta Zuppus, and 
Daniel Bartolus, Jeluntes there; and fince by Fontana, Grimaldi, Ricciclus, and others. - 
They appear ſometimes Three, ſometimes Two, at other times fingle, and bordered 
ſometimes with the two other ſmaller Wel:s, and at other times but with one of them. 
They are now and then beheld in the middle of his Diſque, now above it, at other 
times below it, not always ſtreight, but ſometimes crooked and bending ; their Con- 
vexities appearing ſometimes turned upwards, ſometimes downwards ; which are evi- 
dent Marks of the vertiginous Motion, or Rotation of that Planet about its Centre, 
Theſe ſometimes ceaſe to appear, - and therefore being at ſuch times oblerved by Goſ- 
ſendas, he ſeems to ſuſpe& thoſe Phenomena. 

Secondly his Sarellites, being Four Stars, ſo called, moving about the Body of Fupi- 
ter, as his Guards, Thele were firſt obſerved in Traly, by Galileo 1n the year 1610. In 
Germany by Simon Marius, by help of the Teleſcope ; without which, by reaſon of Jupi- 
ter's Splendor, -and their ſmall diſtance from him (none of them being above 12 deg. 
from his Body) they are not to be diſcerned, and therefore altogether unknown to the 
Ancients. The number of theſe have been queſtioned by ſome Aſtronomers, Rheits 
affirming them to be no lels than Nine. Fo. Baptiſta Zuppms athrms he obſerved in the 
Year 16.44. no leſs than Twelve leſſer Stars moving about Jupiter. But the number of 
Four only is by Gaſſendzs, Hevelius, and Vincentius Reinerus ; who for Ten Years toge- 
ther moſt diligently obſerved them. Theſe Four Stars were by Galilzus, their oſt 
Diſcoverer, called Sidera Medicas. The firſt next the Body of Fapiter, he called 
Coſmns Mimer; the next ( or penintimus) C3ſmus Major ; the third (or penextimus) 
Maria Medicea; the fourth, or outermoſt, he called Katharina Medicesa. Authors 
fince,' have given other Names to thele Sarellires, which I here omit, reſting latished 
wich thaformer, and ſhall exhibit unto you, according to the Obſervations of ſeveral 
Authors: 1. Their Dgreſions from the Body of Jupiter : 2. Their periodical Revolutions : 
3- Their durnal and borary Motions. 


A TABLE of the Satellites greateſt Digreſſion from the Body 
of .r:90h im Semidiamiters of the ſame, according to ſeveral 
Authors, 


Satellnes. L | IL TIT IV. 


—— HQ_—_——_—_—_— ”— — — — ——_— —— _ 


AUTHORS. |Sem. Mi\Sem. Mi.\Sem. Mi.|Sem. Ms. 


— —— —— —_ | O———tm — — — ——  _—_— 


LE 


Galil zus 3 ols o|8 o[12 O 
Sim. Marius 3 ol5 os oY o| 
Rheita 2 014 016 ojl0 O 
Vendelimus 3 ols o[s 0/14 O 
Hodierna p 3015 39,9 oil. 30 


A TABLE 
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-'4 TABLE of the Satellites Periodical Revolutions, in their ſeveral Orhits. 


tb. A————_— 


P— kk 


. 
— 
— = n—— —  ————_—_—_ 


Of the According to Days Hours Minutes | _ Seconds. _ | 
— | Galilews I 13 30 fere 
Marius I 15 ES 30 
I Rheita -j 18 30 GED l 
[new |: | s 14 
Vendelinus | I 769 Th | ouſands of a | Day. | 
| Galilens | 3 | I3 - - | circiter © 
Marius I3 | I oO 
Rheita : 13 20 | .) | 
Il | Hevels | | 
| + its 3 | I3 | _ O 
Hodierna 3 I3 I IS 
Vendelinus 3 | 554 Th | ouſands of a'j Day. 
| Galilew WAP 2 o ferd 
| Marius | "7 3 56 34 
mu |: | + 0 
Hodierna E 8 | 4 US "= Wo 
| Vendelinus | 7 164 Th | ouſands of a | Day. 
' Galil 21s 7 16 ts 18 's) 4; ere | 
Marius | 16 18 | e) I5 | 
IV Rheita $6: 1: 8 | O Q 
| pn | I6 | - 9 | O 
_ | Hodierna I6 I I 33 
i Vendelinus | 16 756 Th] ouſands of a | Day. 


OO — - 


Their Diurnal and Horary Motion in their reſpeftive Orbits, each being divided 
into 360 Degrees. 


— 


Of : 4 Duurnal 7 Horary. 1 
The | According © |, Min. Se, | De. Min,” Sec. 
| Galileus — — a—| 29 Circiter 
I i' Marus 203 25 oo | 8 25 30 | 
| Hodierna 203} [2M 44618 28 a294j 
Galil ens — — —4 13 fere 
Il L- 101 n  ool4 = os 
Hodierna 101 a ERETS 13 13 
| | Galilee | — — —|2 6 circiter 
Ill : Marius 50 14 $7| 2 6 39 | 
| Hedierna 59 13 2% 32 5 34 
: Galilzus — _— — @) 54 30 
IV | Marius 28 29 $1 0-41 39 
Hodierna 21 25 45810 53 42 


| As to the Greateſt Diſtance of Fupiter from the Earth, the ſame is computed by Ric- 
colas, 1n 11s Greateſt Diſtance to be 47552 Semidiameters of the Earth. In its 


Mean Diſtance 365092 Semidiameters ; — And in its Leaſt Diſtance 26441 Terre- 
frial Semidiameters. 


Nann»3» The 
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The Apparent Diameter of Fupiter when leaſt, in Apzgeo, 38 Seconds, 18 Thirds, — 
Whea in its Mean diſtance from the Earth 49 Seconds, 46 Thirds. — When GrzateR, 
in its Perigeum one Minute, 8 Seconds, and 46 Thirds. 

Its True Diameter contains of the Earth's Diameter 8.80 —- Its Circumference 15 7: 

| of the laid Semidiameters,. —— The Area of its Greateſt Circle, 64 Square Diameter; of 
the Earth——lts Convex Superficies 242 of the ſaid Square Diameter —— The Solty 
of its Body, contains that of the Earth's 685 times. 

As to the Strufure of its Globe, it may be concluded (with the reſt of the Planets) 
to be conpoled of Solid and Liquid Parts; and that it 1s a Body, though Phylically 

| Round, yet full of uneven Aſperities, inveſted with a vapid Atmoſphere; carried abour 

its own Centre by a Vertiginous Motion; finiſhed (according to Rhea) in 11 days, 
20 hours, 1 Minute and 15 Seconds ; and that its Zones or Belts are Solid parts, le 
capable of Light than the reſt of its Solid or Liquid parts are. 


VII. Of SATURN. 


Cp, the higheſt, and of all the Primary Planers hitherto diſcovered, the moſt 
remote from the Earth, runs his courſe above all the reſt ; bur beneath the Pixed 
Stars ; as 15 Collected from his Parallax (of all the Planets) the Leaſt, and in a man- 
ner none at all. There are not any either of che Fixed or Erratick Stars, that afford 
to the obſerving Eye (by means of the Teleſcope) fuch itrange and admirable Phenume- 
»a. The chief and moſt worthy of Note are thele three following. 

Firſt, That he appears Girdled about, wich a certain Paſcia or Zone ; or rather en- 
compaſſed about with an Armilla, or Ring of Light. | 

Secondly, Thar he hath ſeveral Lunulz, or leiler Planets, like the Fowial Satellites, 
moving about his Body. | ; | 

Thirdly, That his Figure appears variouſly, and incredibly diverſified, being ſome- 
times beheld Solitary, in a Round form : At vther times repreſented with two Rundles 
ts "a to each fide ; which again alcer their Figure, and appear like certain As/x or 
Handles. | 

Touching the Strufture, Nature, and Subſtance of this Planet, it may be probably 
- concluded: Furſt, That it is compoſed ex Sol;dv & Liznido, of a Plumbeous or Lea- 
den Femper and Colour ; Thar it is Spherical, but withal, full of uneven Aſpertties. - 
Secondly, That it is an Opacous Body, and illuminated ab extra, and altho:;gh the 
Sun's Light may approach it, yet is is not ſufficient to give a requiſite Luſtre, to fo 
Great and ſo Remote a Body, and therefore muſt needs receive its Light from ſome o- 
ther Fountain, Thirdly, That his Sate!lites have their proper Light, and thereby 
adminiſter ſupplies to that of their Prince. — Fourthly, That he hath a Gyration about 
its own Centre and Ax ; compleated (according to Kheira) in 29 days, 10 hours, 
r Minute and 16 Seconds. 3 | 

His Diftance from the Earth is by Aftronomers variouſly computed ; but (according 
to Ricciols) in his Greateſt diſtance, he 15 found to be diſtant from the Centre of the 
Earth 90155 Semidiameaters thereof : — In his Mean Diſtance 53009-— And 1n his 
Leaſt Diſtance 57744 of the like Semidiameters. = Fes 

His Apparent Diameter, according to Ricciolus ; when leaſt, in his Apoges, with his 
Concort: 15 45 Seconds. — - When in his Mean Diſtance from the Earth 557 Seconds -— 
'And when Greateſt, in his Perigeo, one Minute 12 Seconds. 

His True Diameter, with his Concometants, contains of the Earth s Diameter 20.166--- 
His Body contains that of the Earth's Body $91 tines. 
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VHI. Of Comets and Fiery Mcteors. 


Comets and Fiery Meteors are generated either in the Upper, Lower or Middle Region 
of the Air, and thole that are generated in 
Upper Fax, Ignis perpendicalars , Bolis, Capra ſal- 
| Regi- \ tans, Scintille Volantes Trabo, &c. 
Thee Middle yon, & Stella "cadens, Lancea :ardens, Fulmen, &c. 
are JDraco wolans, Ignus fatuns, Ionu lambens, Si- 
; Lower dus Helene, Caſtor & Pollux: | | 
All which artſe from Vapours and Exhalations, which the Earth continually expires 
and diffuſes roand about through its ambient Atmoſphere. 


I. Of Comets. 


Concerning the Matter, Place, and efficient Cauſe of Comets, Aſtronomers and 
ry Reva both Ancient and Modern, do much differ in their Opinions: Some 
will have them not to be any thing real or diſtin& from other pre-exiſtent Celeſtial 
Bodies ; but rather a mere appearance, made by the Reflection, or Refrattion of the 
Sun Beams. 

Others are of Opinion that they are Fiery Mgteors, gefierated of copions exhalations 
from the Earth and Sea, and elevated to the Supreme Region of the Air, and hurried 
about by the ſwift Motion of the Primum Mobile, and take Fire, and laſt as long as 
IN fat Matcer, of which they conſiſt, affords them Fuel to burn or 

ne. | 

Others again, are of Opinion that Comets, if not all, yet the moſt part, are crea- 
ted by God of nothing; or, at leaſt, formed of ſuch matter as beſt pleaſeth him ; 
whether Czleſtial or Elementary, and of ſuch Shape and Figure, as may ſerve to terri- 
fie or admoniſh Mankind, and prefignifie Calamities to enſue. 


2. Of the Tail, Train, or Buſh of Comets. 


Ariſtotle, and ſuch as follow him, aſſert the Buſh or Train of a Comet to be an Exha- 
lation ſet on Fire, and diverſified according to diverſe diſpoſition of the Matter 
that feeds its flame. | 

Apion makes the Buſh of a Comet to be nothing elſe, but the Rays of the Sim tranſ- 
_ chrough the” Semidiaphanow Head thereof, as it were, through a Globe of 
Glaſs. : 
Tycho Brabe conceives it to be nothing elſe but the Beams of the Sww, penetrating 
the Head of the Comer, and terminated 1n ſome matter not altogether perſpicuous, 
and refleted towards us ; for he ſuppoſes the e£ther not to be thoroughly Dia- 


us, ; | 
_ is of Opinion, that the Tail of a Comet is only enlightned by the Swov's Beams 
paſting through the Body of the Comer, which he imagins to be purely pellucid, yet 
denſe withal. | . 
Gallilexs is of Opinion, that the Tail of a Comet ought in its own nature to be ſtreight, 
25 being produced by the Sun's Beams, but appears to us to be crooked when near the 
Horizon, and inclined thereunto, by reaſon of the RefraRtion of the Species; or of the 
Viſual Rays made in the Spherical Superficies of the Air, which near the Earth is filled 


with groſs Vapours. | 
III. Of the Various Forms and Shapes of Comets and their Tails, © 
From the divers Figures and Appearances of theſe Trains or Buſhes , Comets are di- 
ſtingwſhed into ſeveral Kinds or Species; which are reducible to theſe two Heads or 
Claſſes ; Vi. | 
I. Criniti, ſeu Comati, 2. Barbati. 


T1 Diſceus 6 Lampadiar: 
To the \ 2 Pithens 7 Ceratie. 
Firſt 2 Hippeus To the Se- 8 Acontie. 
Claſſis, £4 Argyrocomus cond , 9 AXipbias. 
relats )5 Hircus Thele io Lanchites, 


thele. 11 Vern, 
12 Tetragonias. 


Nnn ; | f. Diſceus, 
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1. Diſceus, ſive Diſci-formw Cometa : Is a Comet reſembling in Shape or Form, a 
round Diſh or Platter: Among thele kind, the Chiet of which is called Roſa, five Chry. 
ſexs, bright Shining, and of a Silver Colour, mixed with Gold or Amber Colour. 
As Fig. 1. Thole of this ſort, which are not abſolurely Round, reſemble the Figure of 
a Shield, and are accordingly called Clypei-formes. As Fig. 2,3, 4 

2. Pithezs, ſive Doli-forms, reſembles the Form or Shape of a Tun; of which there 
are divers kinds ;' ſome of an Oval Figure; ſome like a Tan or Barre! let an end; 
ſome like one inclining, or cut ſhort off ; others have a Train or Buſh annexed. As 
Fig. 5, 6,7 

- Hippens ſeu Equinus, reſembles a Horſes Main, not always of the ſame Figure ; 
for ſomenmes it ſpreads its Tram from the fore-pare or Front ; ſometimes trom the 
hinder-part ; now of an Oval Figwre; now like a Rhomboides,* and theretore it is di- 
ſtinguiſhed into Equinus Barbatus 5 Equinus Angular, five Quadranguiars ; and Equi- 
mus Ellipticus. As Fig. 8,9, 10. | | | 

4. Argyrocomus, ſeu Argemi Com : differing lutle from that which is called Roſa: 
Fig. 1. But that it 1s of a Whiter Colour; and ſhines with ſuch a daſling Silver-hawed 
Laghc, asit can ſcarce be looked upon. : 

5. Hircas, or the Goet, it 15 invironed with a kind of Aain, ſeemingly rough and 
hairy, by the ſlender Fibre of its Beams or Rays : It 15 ſometimes Round without agy 
Treis or Buſh. As Fig. Iq,15, 16. , 

6. ias, five Lampadi-formis, it is a Comet reſembling burning Lemps or Tor- 
ches, and 1s of feveral Shapes; for, ſometumes it hath us Flame or Blaze carried up. 
wards hke a Sword ; ſometimes double or triple pointed. As Fig. 11, 12, 13. 

7. Ceratie, or the Horned Comet, it ſometimes appears Bearded, ſometimes with a 
Teil or Tram; lome have the Figure of a New Moon: Thoſe that are Tailed, have 
ſometimes a Crooked Tail bending upwards ; ſometimes downwards ; others have the 
Tail of an unequal breadch and thickneſs every way ; ſome have their Buſh Pointed ; 


| others like a Horn or Trumper.* As Fig. 18, 19, 20, 21. 


8. Acontiz, Are Comets farmed. like a Dart or Favelin, with an oblong, or cloſe 
comprelied Head, and protix extenuated Tail or Train. As. Fig. 22, 23, 24- 

9. Aiphias, [ive Enſi-formis ; a Comet reſembling a Sword, the Head being faſtion- 
ed like to a Hit, the Tail being Long, Streight, and Poimed ; yet ſometimes bending 
hike to a Cimitar ; when it a. a Leſſer, and more contracted form, it reſembles a 
Kvife or Dagger. As Fig. 25, 26, 27, 28. | 

10. Lonch:tes, ſeu baſte-forms ; is a Comet reſembling a Lance, its Head being of an 
Elliptical form, its Stream of Light or Tail being very Long, Thin and Pointed, As 
29, 39, 31. 
ho 1. Vern, ſeu Pertice , is a Comet almoſt of the ſame Species with the former; ſave 
that the Head 15 rounder, and its Tramof Lighe Log, and Sharper Pointed. 

12. Tetragonias, five Luadratus, is a Comet whoſe Head is for the moſt Part Que- 
drangular; it hath a Long Train, very Thick and Uniform, and 1s not unlike that Me- 
teor called Trabs, or a Fiery Beam or Columb ; but all theſe will better appear by the 
ſeveral Schemes or Figures of them hereunto annexed : And I fhall forbear to add thoſe 
diſtinctions which ſome have given them in reference to'the Pleners, they making 
them ſome Solar, others Lunar, Mercurial, Venerial, Fovial and Saturnine, nor of theur 
Magnitudes, Duration, Motion, Prognoficks, or final Cauſes: But give the Reader an 
Hit oricpl Aabſtret# of the Times of the ſeveral appearances, of ſuch of Thele ſplen- 
did Xnigma's, Pzopoſed by God, but never to be reſolved by humane Wat, 
(as Ricciolus 1ngenuoully lays of them,) as have appeared in the laſt Century of Years 
paſt, viz. from the Year 1590. to this time 1690. as followeth. 


- An Account of ſuch Comets (or ſplendid Anigma's, ) as bave appeared to 
the World, fince Anno Chriſti x 590, to this time. 


On the 2oth of Febraary, a Comet appeared in the Evening, laſting till che 5th of 
March, between the Cenſtellations of Andromeda, and the Ram, and the Northern Fiſh ; 


its place being in the higheſt Heavens, and nor nearer to the Earth than the Swn: It 


deſcribed by its Motion, an Arch of a Great Circle, and meaſured io its Courſe one 
fourth part of the Hemyphere : Its Head ſmall, Shining with a Pale and Obſcure Light, 
at the firſt biggeſt, but afterwards not exceeding 3 minutes in Diameter, and fuc- 
cefkiyely diminiſhing both in Magnitude and Light : It caſt forth fome ſmall Rays, 


both chin and rare ; and extended towards that part of the Heavens oppoſite to the 
Sum: Asn Figure 42. | On 
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On the toth of Fuly before Sun Riſing, a Comet appeared, which laſted till the 21th. 1593. 
of Auguſt in the Solſtitial Colpre, Sign Cancer : In its Motion 1t went from the Tropick 
of Cancer to the ArFick Circle, contrary to the Series of the Signs, viz. from Cancer to 
Gemini and Taurus, and 1n Cephexs it diſappeared. 4 

A Comet appeared on the gth of Fuly, in the Evening in the North, among the 1596. 
Stars of Urſa Major ;, in its Motion going forward a little towards the hinder part of 
the Great Bear; (o that it ran through Cancer, Leo, Virgo, and at laſt became Stationa- 
ry as tO Longitude, declining its Courſe to the fourth deg. of Virgo: It was of tha Co- 
lour of Saturn, its Tail ſtretching to the part oppoſed to the Sun, towards the Pole of 
the Ecliptick, yet with ſome lictle deviation. 

On the 26th of September in the Evening, about 9 of the Clock, and from thence 1607: 
all night, till the 5th of November, a Comer appeared under the Great Bear, a little 
higher chan that Ster which is cowards the Square, in the 3oth deg. of Leo, and in 
26 deg. of Northern Latitude ; its Parallax found not to exceed 3 min. and conſe- 

vently, its place in the higheſt Heaven, or Ether : It moved in dire& Motion, from 

x foremoſt foot of the Great Bear under its Belly, pafling by the midſt of Boores, and 
ſtruck through the Serpent, coming under the Hand of Orion, arrived at his foremoſt 
foot, and ſtayed in his Leg. The Orbit in which it was carried, ſeemed to be a Great 
Circle, at laſt extremely bent towards the Ecliptick. On the 3oth of September its di- 
urnal Motion was 13 deg. but both before and after, irs Motion was (lower; at length 
Retrograde and Stationary as to Longitude. Its Head was not of an equal or even round- 
neſs, but here and there exuberated : Its apparent Magnitude greater than any of the 
Fixed Stars, or even that of Jupiter : Its Light Weak, Pale, and Wateriſh, like that 
of the Moon when near the Shadaw of the Earth, towards 1ts end diminiſhing more 
and more: Its Tail was ſomething Long and Thick, projeted with ſome little devia- 
tion, againſt that part of the Heavens oppolite to' the Sun: Vendelinus ſaw it like 2. 
faming Lance or Sword, 7 deg. in length. 

The firſt Comet appeared _ the 25th of Auguſt at 3 of the Clock in the Morn- 1618. * 
' ing, and laſted till the 25th of Seprember ;_it appeared alittle beneath the fore Foot of ; 

© Urſa Major, inclining towards the Head of Leo, 1n the 1oth deg. of that Sign, and in 
22 deg. of North Latitude ; on the 24. of September it proceeded in Motion Retrograde, 
in antecedence of the Signs; afterwards one degree in its Courſe more remiſs; it ap- 
peared to be hairy ; its Light not clear Shining,but Cloudy and duskiſh ; its Tail ſhore 
and broad, ſpreading towards the _ | 

The ſecond Comer appeared two hours before the Sun's Riſing, which, laſted till the 1618. 
22 of the ſame Month, between the Autumnal Sefion, and 18th deg. of Libra; decli- 
ning from the Ecliptick Soutrhward 15 deg. us Motion Retrograde. Its Head was not 
diftin&ly obſerved by the Europeans, by reaſon of its vicinity to the Sun, but in Perſia 
its Colour was found to be likes the Vapour of Flower of Brimſtone ſet on Fire : Ts 
Tail was like that of the Efridge bowed, in length 45 deg. In Perfia it was obſerved to 
be like a Scymiter, or rather like a Young Palm Tree, whoſe top Bows bend but a 
little. ; 

On the 22 and 23 of November, a third Comet was ſeen in the Morning before Sax 1618. | 
Riſing, which laſted ill the 13th of December: It took its Riſe from the Equins4ial d 
Eaſtern Point; its Motion was Northward, its Colour was like that of Venus, whole Mag» - 
nitude it equalled, 1f not exceeded ; it had a long Main or Trefſes. 

On the 24th of November, a Fourth Comet was ſeen in the Morning before Sun 1615. 
Riſing, which laſted 60 days, viz. till the 24th of Fanuary next following : On the 
29th of November, it was (cen between the Scales of Libra, more Eaftward than a Line 
drawn dire&ly between the ewo Scales, and more approaching ta the Northern-Scale : 

It's true place being in the </£rber, for at che firſt it was diſtant from the Earth 51 of 
its Semidiameters ;, at laſt it was higher than the Sa it ſelf; for its Parallax was tound 
to be leſs than that of the Sun. Its Motion was to the North, with ſome inclination 
Wetward, for it palled by the middle of Libra, and by Bootes, and when it had advan- 
ced fo far as his Head, it ſhined all Night, then proceeded above his #+ift, and over 
Urſa Major, its Motion becoming every day {lower and flower. *As to its progreſs in 
the Ecliptick, it run from the end of Scorpio to the middle of Cancer, above one third 
part of the Heawevs z at firſt Southwards, at laſt Northwards : Its Colour was Paliſh, 
the lower part of its Head was pertetly Round, the upper whence the Tai) ifſued 
was uneven, and as it were indented ; Its Light languid, whitiſh and cloudy, yet 
ſometimes a little 'Twinkling: In the midſt of the Wead at the firſt, was a litcle Kernel 
or Nucleus 3 afterwards ſeparated into three or more, and at length parting into more, 
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leſſer and lefſer, was diffolved; its apparent as well as true Magnitude being varions 
and unconſtant: Its Tail towards the Head, was very narrow about the middle, and 
its extremity pretty -large : It was extended with ſome inclination, now to the South, 
now to the North, but not preciſely cowards the Sun : Through us muddle, according 
to Longitude, ran a Clear Line, like the Pith of a Tree ; nor ſeldom the whole B.ſh 
or Train ſeemed to have a kind of Scintillation and Fluctuation ; its Head likewile dar- 
ting forth Rays, and ſuddenly withdrawing them : Irs length was ſometimes extended 
to 45, 60, 75, nay to 104 degrees, its breadth to 3 degrees : Its Colour near the Head 
FigKLV. Ruddy and Firy ; towards the End, Pale and Wateriſh. Fig. 45. | 

On the by of of November, a Comet appeared in the Evening abajt Eight of the Clock, 
which laſted but Two days in the Conftellation of Berenice's Hair, net {o far as 5 degrees 
from the left Leg of Bootes, about 10 deg. from Ariturw, in the 8th deg. of Libra,and 
in the 26 deg. of North Latitude ; Its Motion was contrary to the {ucceſhion of the Stgns 
viz. from the Head of Bootes towards the Ecliptick and Spica Virgins + It was ſomthing, 
leſs in appearance than Ar&ras, but ſufficiently Light and Splendid : Its Tail was e- 
reted upwards towards the Zenith, 1n length 12 degrees like to a Broom, conſpicuous 
and ſplendid enough, where ic iſſued from the Head, towards the Extremity more thin 
and dilute. | 7 

On the 2oth of December, about 6 of the Clock in the Evening, a Comet appeared, 
which laſted till the 1oth of Fanuary, 1n the gth deg. of Gemmi, and 31 deg, of Sou- 
thern Latitude, not far from Rigel, in the Left Foot of Orion, 1o that by its Situation 
with the ſaid Star, and another above the Foot of Orion in Eridanws, 1t made in a man- 

_ neran Equilatersl Triangle.. Its true plage was in the e/£ther, or higheſt Heaven, for 
 __ when it was neareſt the Earth, is diſtance then was 110 Semidiameters thereof; us 

Parallax at firſt being found to be 31 min. 1 5 {ec. but about the 12 of January, it was 
diſtant from the Earth 22509 of the Earth's Semidianreters, 1ts Parallax not aboveg {&- 
conds, and conſequently, it was as high as the Orb of Fupiter. Its Motion was con- 
ſtantly Retrogiade from South to North, by the- Hare, Foot of Orion, Taurus to the Plei- 
ades, and from thence as far as Perſeus ; not dire&ly, but obliquely from B. S. E. to | 
N. N. W. in a Great C#cle inclining to the Ecliptick and Equator. At firſt, by its di- | 
urnal Motion compleating 11 deg. 16 min. at laſt 30 min. i ran through in the time | 
of its duration 65 deg. 51 min. paſting beyond and beſide the Courſe of the Annual 
Orb : Ac firſt diſtant from the Earth 94 Semidiameters thereof, at laſt 92. Its Head was 
Round, and little leſs than the Moon at Full ; its Light Pale and Dull, like that of the 
Moon o'ercaſt by a thin Cloud ; in it were obſerved ſeveral Nucles or Kernels, every ; 
day varying their Situation ; Its apparent Magnitude was not always the ſame, being | 
found at bolt to be 20 min. afterwards but 3 min. 3o ſecon. Its Tail at che beginning , 
extended Eaſtward, towards the part of Heaven oppoſed to the Sws (yet with ſome | 
{mall deviation) as far as to the Handle of Orion's Sword, like to a Sharp pointed Cone, 
in length 9 deg. of a Whutiſh, . but ſomething obſcure Colour, caſting forth thin ſmall 

h Hairs or Rays, which about the 9th of Fanwary it quite loſt : Its Tail ſill increaſed in 

F.XLVIL length, being at firſt only 3440, at laſt 165000 Germane Miles. Fig. 47. 

On the third of Februery, a Comet was {cen in the Morning 47 min. after 5 of the 
Clock, which laſted 53 days, it appeared Esftward beneath the Dolphin, berween the 
Eaglex. Head, and that of the Leſſer Horſe, 1n 10 deg. of Aquarius, and 22 deg. of 
North Latitude, in the very Ether or higheſt Heaven, at firſt 2000, art laſt 9020 Se- 
widiameters of the Earth diſtant from 1t, and conſequently (according to the Opinion 
of Hevelizs) higher than the Swn it ſelf. Its Courſe was from the Eft Weſtward, 
by the Head, Neck, and netber Wing of Aquila, in a Line almoſt Parallel to the Echp- 
rick and e/£quator, but Retrograde, and not in a Great Circle: Its Head was Round and 
of a Yellowiſh Colour; clear and conſpicuous, 1n the fiddle whereof, at firſt, was a 
ruddy Nuclexs or Kernel, equal almoſt to Fupiter, encompaſſed with a certain thin 
.and more dilute matter : Irs Tail extended above 6 deg. in length towards the Dot- 
phin, narrower where it joyned to the Head than in its extremuty, and pointing to 
that part of the Heaven oppotite ro the Sun, but with ſome kind of detlection- 

Upon the 14th of December, a Comet was ſeen which laſted almoſt 3 Months, at 
firſt in the Morning about 5 of the Clock, afterwards in the Evening, near the Beak 
of the Crow, in $ > Sy of Libra, and 22 deg. of Southern Latitude, 1n the higheſt 

 eEther, its Parallax ar the beginning 59 Seconds, in the middle 4 min. and in the end 
16 min. ſo that at firſt it was 3500, then 1000, and laſtly 120900 Semidiamerers of 
the Earth, diſtant from the Terreftrial Globe, and higher than Mars : Its Motion Was 


Retrograde from Corum, by Hydra, Argus, the Great Dog, the Hare unto Aries ; y& 
| was | 
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was not the Line of its Courle carryed alcogether under that of a Great Circle, it def]:- 
ing notably Northward : It ran through more than Five S:gns of the Zodiack, wiz. 
Libra, Virgo, Leo, Cancer, Gemini, Taurus, even unto Aries; and in reſpect of its Orbit, 
made a Progreſs of 15.4 degrees. Its Head was very conl{picuous, in Colour ſomewhat 
Yellow; in the midſt whereof was diſcerned a clear light, ſurrounded with. another 
more obſcure,compoſed of ſundry corpuſcula, interſperſed with other more ſubtile mat- 
ter, of a divers denfity, meeting at firſt with the Nuclei, after ſeparating and dividing. 
As to 1ts apparent Magnitude, 1t exceeded {1x times the Diameter of the Earth : Its Tail 
extended 14 deg. in length South-Fef, ſometimes longer, ſometimes ſhorter. On the 
$th of December, it ſpread its Rays upward, in manner of a Peacock's Tail ; from which 
time afrer, ut was directed toward the Ez/f. All the time of its duration, extending it 
as far as the Sign Gemini, toward that part of the Heavens oppoſed to the Sun, yet 
with ſome deviation, now Northward, now Southward: Towards its end it was ſom- 
times quite loſt, and then again recovered. 0 
Upon the 6th of April, half an hour after One in the Morning, a Comet was ſeen, 
ich laſted 1.4 days, in the Breſ# of Pegaſus, m 15 deg. of Piſces, and 27 deg. of Nor- 
thexrn Latitude ; Its Parallax at the beginning 69 Seconds, which decrealed ſucceflive- 
ly th 41 Seconds : Its diſtance from the Earth, at firſt, 3000 Semidiameters of the Earth; 
cowards the End, 5000 of the ſame Sermidiameters diltanc from it, and conſequent- 
ly 60 times higher than the Avon at firſt, and at laſt equal to the heighth of the Sun 
it ſelf. Its Progreſs was by Pegaſus, under the Head of Andromeda, Þy the Northern 
Fiſh, as far as unto Aries 3 in motion continually dire; at the beginning at ran throy 
in one day 4 deg. 6 min. at laſt, 2 deg. 23 min. Its Head was Round, of a Yellowi 
Colour ; its Light quick and bright, in the middle whereof was a fingle Nuclew of a 
conſpicuous Magxzitade, of a Gold Colour, encompaſlede qually about with an 
thinner. kind of Matter; the apparent Diameter of the Head was 6 minutes: Its Ta 
at the beginning extended almoſt 19 deg. in length, projeted between the Mouth 
and the foremoſt Foot of Pegaſus Weſtward : Where it iſſued from the Head, it was 
Thick and Lucid, and of the ſame denſe matter with that of the Head; but, towards 
the End, it was more thin and dilate: It ſtretched ſometimes in length to 25 degrees, 
ſtreaming towards the part oppoſed to the Suv, with fome ſmall deviation Southward. 
Upon the 5th and 1oth of March, about the firſt hour of the Night, after the [ra- 
lies way of account, a Comet was obſerved by Sigmior Caſſini at Bologns : The Heador 
Body was not ſeen, being hid under the Horizon 3 but the Tail was of a Stupendoug 
length, being extended (as 1t appeared at Libon in Portngal) over almoſt the fourth 
Part of the vifible Heaven, from Weſt to Eaft, from the Whale, through Eridianus, to 
the Srar which precedes the Ear of Lepus, as it was obſerved at Bologna by i 
Upon the ſecond day of March, a Comer firſt appeared, which laſted cill the end 
of April, and ſeen both Aorning. and Evening, as Signior Caſſini hath computed ; at 
the beginning it was between the Head of Medale, 6. the Pleiades ; afterwards, hav- 
ing continued its Courſe towards the Root of the Soutbern Horn of Taurw, and havin 
ed the Ecliptick, went on above the top of Orion's Head to the Via LaFes. Its Mo- 
tion falling into a Line, lictle diftering from an arch of a Greas Circle, cutting the Ec- 
lptick in 10 deg. 45 min. of Gemini ; 1ts greateſt Latuude in 10 deg. 45 min. of Piſces ; 
that is, between 39 and 4o deg. Northward ; the ſame Circle cut the e£quator at 101 d. 
of the Vernal Section Eaſtward; and his greateſt Declination Northward, was 38 deg. 
20 min. He made about 2 deg. 32 min. a day in the Great Circle of his apparent Me- 
tion, Its Head (as it was obſerved with a Teleſcope of 157 Foot long) appeared almoſt 
Round, but well diſtinguiſhed from the miſtineſs, which framed a kind of a Cheve- 
lure wherewith it was encompalled ; and even the middle was a little confuſed, and 
{zemed to have inequalities, as are ſeen in Clouds : The Tail was almoſt impercepti- 
ble, yet by the Teleſcope it was ſeen to turn oppolite to the Swn; and appeared of the 
length of two Diameters of the Head. | | 
Upon the 21 of April, there appeargd a Comet, which roſe about 2 in the owing, 
near N, E. by N. It had a ſhort Buſhy Tail, about 5 deg. in length, pointing towar 
the Right Foot of. Andromeda. The Head of the Comet was of a Pale Colour, and as 
big as a Star of the Firſt Magnitude: Its Longitude was in 11 deg, of Tawras, and in 
18 deg. of North Latitude. Upon the 23 of April it did Rile after 2 in the Morning, 
_ the Tail ſtreaming cowards the Star in the Knee of Caſſiopes, and being in Longitude 1n 
I5 deg. of Taurus, and in 17 deg, of North Latitude. | 


The End of the Firſt Part of Coſmography Celeſtial. 
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of GEOGRAPHY. 


H E whole Body or Globe of the Earth, which we call the Terreſtrial Globe, 
confiſteth of theſe two Principal Parts, viz, Earth and Water, . and as 
theſe two are depintted = the Globe,or in Maps, the Land is bounded and diſtin- 
guiſhed from the Water by an irregular Line, which runs turning and winding into 
Creeks and Angles like as the Shoar (which 2t repreſenteth) nh, and that part 
of the Globe which is incloſed by this Irregular or Winding Line, is the Land, and 


that without it is the Water. 


—— 


SECT. L 
That the Terreſtrial Globe is Round and Spherical. 


Hat the whole body of the Terreſtrial Globe, (conſiſting of Earth and Tater) is 

F of a Spherical Form, may be proved by divers ſound Reaſons urged by Geogra- 

bers : As 
| d | I. From its Latitude from North to South. 

That the Earth is Rownd deduced from its Latitude, from North to South is thus pro« 
ved: For, ifa Man travel from North to South, or from Sourh to North, he ſhall pec- 
ceive new Stars in the Heavens to appear, and ſhew themſelves, which before he could 
not ſee; which can be referred to no other Cauſe than the Spherica! Convexity, or 
Swelling of the Eqrth. For otherwiſe, if the Earth were flat or plain, (as ſome have 
vainly imagined,) all the Northern Stars would appear to the Inhabitants of the Sou- 
thern Regions,and the Southern Conſtellations tothe Northers Inhabitants ; which common 
ſenſe and reaſon altogether contradidts. 


Il. From its Longitude /quey Eaſt ro Welt : That the Earth s Round, deduced from its 
Longitude from Eaſt to Welt, may thas be proved. 


1. From the Ri/ing, Culminating, and Setting of the Moon and Stars; foraſmuch as 
they do not Riſe and Set with all Nations at the fame time : For with the Inhabitants 
of the Eaft,the Sun,Meoon,and Stars do Riſe,Culminate,and Ser, ſooner than they do with 
the Weſtern Inhabitants ; and that in ſuch proportion, that every 15 degrees of the 
Equinottial, meaſured out by the Sun's Stain, differs One whole hour ; This is 
proved by the experience and teſtimony of Ancient Coſmographers, that the Swn Riſes in 
Perfiacowards the Eaſt, four hours ſooner than at Spain,in the Weſt. 


III. From the Difference of Time, that Ecclipſes of the Sun and Moon do appear unto 
ſeveral Nations or Parts of the World. | 


That the Earth is Spherical, deduced from Eclipſes, doth thus appear; for we ce 
plainly, that Eclipſes of the Moeoz appear ſooner to the Eaſtern, and later to the We- 
ſtern Inhabitants of the IVorld, as Prolomy reports: That in Arbela, a Town in Aſjria, 
where Alexander overcame Dariws, the laſt King of the Perſians, there was obſerved 


. an Eclipſe at the fitth hour of the Nightz which ſame Eclipſe was ſeen in Carthage - 
| the 
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the ſeconcl hour ; ——- Allo an Eclipſe of che Sur at Campania (as Pliny reports ) Was 
ſeen berween 8 and g in the Morning, which was not leen in Armenia till between 10 


and 11 of the Clock. 
1. From the Eclipſe of he Moon. 


An Fe !ipſe of the Moon, which is cauſed by the Shadow of the Body of the Earth, 
being inverpoſed between the Sun and the Moon ; foraſmuch as this Shadow falling upon 
the Moors, doth to us appear Circular ; it is manifeſt from Oprical Principles, that the 
Farth (be:ing the Body from whence that Shadow proceedeth) is alſo a Spherical or Round 


Body. | 
2. From the Eclipſe of the Sun. 


Likev-iſe, from the Eclipſes of the Sun, which are cauſed»by the Interpoſition of the 
Bedy of the Moon, between the Sun and thoſe places where the Sun appears Eclipſed; I 
ay, it c:ould not be determined when, and in what place, (or places) ſuch an Eclipſe 
ſhould appear, and where nor, it che torm of the Earth were not Orbicular or Round. 


IV. From the Riling and Setting of the Sun, Moon, and Stars. 


By the Sun, Moon, Planets, and Fixed Stars, Riſing, Setting, and coming to the 
Meridia in ſome places ſooner, and in others /ater, and that in a proportion anfwera- 
ble to 'the Roundneſs of the Earth. As the Suw (and conſequently the Mover, a Ster, or 
Planet) 15 upon the Meridian at London, ſooner by almoſt Hours than ic 1s at Vir- 
ginia, New England, and other Eaſtern Regions : And ſo in Ezsſt-Ingdia, and other 
Eaſtern Regions, the Sun, Stars, &c. are looner upon their Meridian, than upon ours 
at Lona/on ; from whence it_is evident that the Egrth is Round. | . 


V. From Sailing or Travelling Northward, or Southward. 


Firſt, if you travel from the South towards the North; you have the Northern Star 
(or Pole) mare elevated ; and the Southern Pole (or Star) more depreſſed ; the Eleva- 
tim Nor.cherly, increaſing equally with the Depreſſios Somcberly ; and either of them pro- 
portional to the Dit ance Sailed or Travelled : The like happeneth in Travelling Soutb- 
wards, you then Elewvate the South Pole and depreſs the Northern Pole as much: ——— 
But if again, you Sail or Travel from Eaſt to Weſt, or from Weſt to Eft, being under 
the North Pole (or in North Latitude) look what Elevation the North Pole hath at 
Getting out , the ſame it [hall have at your Voyage or Fourneys end ;; as if you travel "won 
London where the North Pole is elevated 51 deg. 32 m. to Carleton Iland,which is dire- 
href. and near 3090 Miles diſtant therefrom ; yet, the North Pole there, ſhall hays 

ſame elevation as it had at London; and conſequently, the ſame all the way of your 
a or "on which could not poſlibly be, if the Earth were of any ther OrmM 


Rowun | | 
VI. By ſeeing of a Ship under Sail. 


| Suppoſe ſtanding upon the Ses Shore, you ſee a Ship far off under Sail, making to- 
wards the Land; at firſt, you ſee only the Top-Sails, or higheſt parts; and withal, do 
maniteſtly behold che Convex Superficies of the Sea, as it were raiſed, and interpo- 
ling her (21s between our Sight, and the Hull (or Jower parts) of the Ship, until She 
approaching nearer, and nearer (and that proportional to her diſtance run) you, at 
her arrwal, ſee her whole Body (or Balk) which doth evidently demonſtrare, che Sphe- 
ricsl Roundneſs ot the Earth. 


SECT. I. 


Of the alſurdities that would follow, ſbolld auy other ſhape than Roundneſs, 
be attributed tothe Figure of the Earth. 


1. The Elevation of the Pole would be the ſame in all parts of the Earth. 

2. There would be the ſame face and appearance of the Heavens to all Perſons alike 
whereloever inhabiting | 
. 3. The Sun, Moon, and Stars would Riſe Culminate, and Set 1n all places alike, and 
a the {ame time. | | 

4 All Eclipſes would appear to all People at the ſame hour. 

$. Tho Days and Nights wauld be of the ſame length to all Inhabitants. 


6. All Shadows would be every where alike, and one Region would not be borrer nor 
colder than another. | Sect. 
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That Mountains and Valleys «por the Earth do not oppoſe the Roundnch 
thereof. 


It is conceived by the Ignorant, that the Earth cannot be' ſaid to be round, in re- 

; der of the vaſt Mountams, Hills, and Valleys, which are in the ſame : It is rrue 1n- 

eed, that the Glcbe of the Earth 15 not Abſolutely and Geometrically Round, as P1;ny 

lib. 2.c. 21. ſaith, :hat the Earth and Water make one Globe, not ſo abſolutely Round as the 

Heavens, but much different. Yet notwithſtanding this, the three Reaſons following 

will hew, that this Inequality ( how great foever it feems to the fight) is altogether 
inſenhtble, and bears no proportion co the huge vaſtneſs of the whole Eartb. 


I. From the beighth of the bigheſt Mountain. 


Let a Mountain. be imagined to be 1n perpendicular heighth Tex Miles ; but few Ma- 
thematicians will grant any to be ſo much (although a late Mariner hath publiſhed in 
Print, that he hath Sailed three times about the Peak of Teneriffe, and made diligent 
obſervations ſeveral ways and times, to attain to: the perpendicular heighth thereof, 
which obſervations he hath at large Printed, and ſeems to demonſtrate the Perpendi- 
cular heighth thereof to be 3o Miles ; ( wix credo. ) But allowing 'a Mountain to be 
10 Miles high, the Semidiameter of the Earth 1s (as hereafter will be ſhewed)) 3600 
Miles, fo that this Hill compared to the whole Diameter of the Earth, which is 7290 
Miles, is but as 10 to 7200 or as 5 to 3600, which indeed hath no ſenſible propor- 
eion, | 

IL. From tbe Eclipſe of the Moon. 


The Eclipſe of the Moon, yo ven by the Shadow of the interpoſed Earth, is de 
ſcribed by a Spherical Figure, without any unequal or rugged parts ; which no doube 
would appear, if thoſe Parts challenge any due proportion, or ſenſible quancity in re- 
ſpe& of the whole Earth. 


UII. By the Shadow of a Spherical Body, having ſome irregular dents and ſwellings in it- 


As if a Spherical Body had in it here and-there ſome irregular indents made in it, 
and in others ſome riſings or ſwellings put or applyed to it, If ſuch a Spherica/ Body 
ſhould be held between * Sun Beams, ſo as to caſt its Shadow upon ſome plain Super- 
ficies, it would give a Round or Spherical Shadow upon the Plain, in regard of che little 
quaneity of choſe ſmall irregularities in reſpe& of the whole Body. 

Theſe are the general Reaſons given by all Geographers, to prove the Rotundity of 
the Terreſtrial Globe, and the abſurdities which would follow if it were not fo. 

And now ſeeing we are treating of this matter, I cannot omit to inſert in this place, 
what I lately met within a Learned Diſcourſe, written by Mr. F. Chi/drey, Entituled 
Britannia Baconica ; or, the Natural Rarities of England, Scotland and Wates ; accordin 
as they are wo be found in every Shire : In which Book, when he comes to ſpeak 
"is oh: in Wales, he hath this following Diſcourſe ; which I have here in- 

The Air of this Shire (faith he) 15 ſharp and piercing. Here are extraordinary high 
Hills, (the bigheft in all Wales) on ſome of which, the Snow lies long ; and on others tt 
lies all the year long, bard cruſted together: A thing not at all to be wondered at, ſince on 
the Alps, and many other Mountains much more Southerly than our Iſland i, it doth the like. 
* The conſideration of which hath bred an Opinion in me, that the Globe of the Earth and Sea, 
* of an Elliptick or Oval form, that is, like an Egg ; and my Reaſon u ths. 

T ſuppoſe, that every Year under both the Poles, gba falls a quantity of Snow (either lit- 
tle or much, in the time of the Sun's being in the contrary Tropick, and likely enough at 
other times of the year too) which the Sun when be hath greateſt Power. _ it, cannot melt 
all. And this s more than probable; becauſe, not only mm» Greenland, but alſo here in rh 
Shire, and (if we will believe Munſter) on the top of the Alps too, there are Mount anowus 
Cruſts of Frozen Snow, that never were melted : So that now after ſo many years lapſe, it 
cannot be, Ithmk, but that the Diameter of the Earth from Pole to Pole ; from the top of the 
Snow at one end of the Earth, to the top of it at the other end, * much longer than in any 
other part under the Equator; though, at the Creation, it were (as 1 believe ) made Sphe- 


rical : And ſo I ſuppoſe im longer proceſs of time it will grow more oblong. And a it [0 = 
crea/et 
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creaſeth in length, ſo I believe, the Sea will decreaſe in depth (though both very mſenſibly ) 
becanſe Snow muſt confit of ſomething ; and that ſomething can be nothing tut a Very Vapour 
condenſed and congealed, &C. And thus Watry Vapour muſt be draws out of the Sea, or ous 
ef that part of the Earth, which once (ſooner or later) recegued it from the Sea: And this 
Snow being thrown dywn at the Poles, gnd not melting, that ſo it may return from whence 
it came, and refill that which 1s imployed, muſt needs canſe a decreaſe i the Sea, 

Now that which tempts me to embrace this Paradox the more affetlionately, is, far that us 
ſerves excellent well ro ſolve a great doubt zwbich troubled Tycho and Kepler, about Cen- 
cral Ecliples of the Moon that happen near the F.quator, ſuch as that was which Tycho 
obſerved in the vear 1588, and that which Kepler obſerved in the-year 1624, concerning 
which, be ſpeaks to this purpoſe. Notandum eſt hanc Lunz Elliplan Cnftar 1llius, quam 
Tycho anno 1588. obſervavit, totalem, & proximam Cencrali) egregie calculum te- 
felliſe : Nam non folumi mora totius Lunz in tenebris brevis fair, ſed & duratio reli- 

ua multo mags. Perinde quaſt Tellus Elliptica efſer, dimetiencem breviorem habens 
{ub Aquatore, longiorem a Polo uno ad alcerum : That wx, we muſt note that thi E- 
clipſe of the Moon (viz. that on the 26. of September, Stylo Novo 1624. ) likewiſe that 
which Tycho obſerved in the year 1588, being a Total, and almoſs Central one, did no- 
yriowſly decerve my Calculation ; for not only the duration of the total obſcurity was ſhort, 


— —— 
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but aljo the reſt of the duration before and afier the total obſcurity much ſhorter ; as if 


(ſaith be) the Earth were Elliptical, having a ſhorter Diameter under the Equino#ial, than 

om one Pole to another. And yet I am not ſo dgvored to my own fancies, but that one ſolid 
reaſon ſhall prevail with me to abandoy the deareſt of them; though, for the preſent, I ſee 
abundance of reaſon for what I think. 5% 


S EC Þ. 


Of the Meaſure of the Earth, 


HE Circumference of the Terre/rial Globe of Earth and Sea (as of the Circles in 

the Czleſtial Spheres) do contain 360 degrees z by which degrees, the Diſtances 

of Places upon the Earth and Sea are meaſured, as well as of the Srers, Planers, and 

Comets 1n the Heavens: So that the true knowledge af the quantity of ſuch a Degree 

in our known Meaſure; will be a Fundamental Principle to remove many doubts boch 
in Aſtronomy, Geography and Navigation.  _ 

Now an Engliſh Mile (by Statute) contains in Length 8 Fwrlengs ; and every Fur- 
lng 40 Poles, or Perches ; every Perch 16 Foot and a half ; So thae- by this reckoning, 
in Engliſh Mile containeth 5280 Foot in Length; alchough 1t:be uſually caken, by 
Mariners in their keeping of their Reckonings of Voyages at See, that bo fuch Ales do 


make a degree : And this would be very ſtrange, that-our Engliſh. Meaſure being dedu- 


ced from to {lender and uncertain means, as. 3 Barley Corps to an Inch, 12 Inches to 2 
Fort, and 5280 of thoſe Feet to a Mile, ſhould fo happily fall out to anſwer to one 
Minute : Yet by the Obſervations of the molt diligent Inquirers into this neceſlary point, 
do find that about 66 of our Engliſh Miles do anſwer to one degree. 


An account ef ſome Experiments made by Ancient and Modern Mathematicians, con- 
cerning this Experiment. 


Amo Chriſti 827. by the command of Prince Almanon, in Mefi-AFeet ce. Miles 
wtamia, it was found that one degree did comain (reduced to our» 370222 . 


Exgliſh Feet. ) 792545 


Albazen an Arahian declares the Compaſls of ths Earth to be 
24009009 Paces, and 333333 Arabian Feet in one degree, which> 365283 
reduced to our Englth Feet, are 69 ;538+ 
Ptolemy of Alexandria , makes the quantity of one degree to | 
contain 360000 Rhynland Feet, which reduced to our Engliſh Feet, 3719009 
| 70354 


we 


IWillebrordus Snellizs, an Hclander, about Amno 1613, finds one de- 
gree to contain 342000 Rhynland Feet, which reduced to Engliſh» 353306, 
Feet, are 67 tere 


Mr. Rz- 
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my very good Friend) did in An 1635 make an Experiment hereof, Q 369295 
berween Tork and Loudon, and finds one degree upon the Earth toC 69, + 


Mr. Richard Norwood, at able Mathematician and Seaman, (and JFeet &c. Miles 
contain 691 Engliſh Miles, which 1s Feet. 


This experimeit of his, he hath at large ſet down 1n his Book entituled the $ea- 
mans Prattice, which (as himſelf confeſſes ) was not dotie with that accurateneſs in 

all particulars as he could have done, had he had ſome other ſupplies, for what he did 
was voluntary, and upon his own: account : And the manner of his proceeding in ir 
is undeniable: And therefore, in the mean time, till it ſhall pleaſe God to raiſe up 
ſome noble minded ſpirit to effet the ſame, we muſt be content with what we altea- 
dy have, for all the foregoing except the laſt, we have no account of the manner how 
they obſerved, but divers ingenious Men have attempted to find out the true comps/; 
of the Earth, but either the grounds they have gone upon, have been uncertain, or 
the diſtance of the two places of Obſervation have been too ſhort, or the diligence of 
the Ob/ervator to be ſuſpeted. That way which hath been practiſed by ſome, which 
1s by the height of an Hill, and a Tangent Line from thence to the Superficies of the 
Ses, is rather a fiction than a thing of a&ual performance ; for, nexher the perpen- 
dicular height of che Hill above the level of the Water, can with any certainty be 
obtained ; nor ſuch a Tangent Line, by reaſon 'of the Refra#ion of the Vapours conti- 
nually riſing out of the See can be eſtimated. And therefore, in this place I ſhall be 
bold to inſert a-way (not much differing from that Mr. Norwood practiſed in his pec- 
ambulation from York to London) which hath been propoſed by an ingenious Gentle- 
m_ = my very loving Friend Mr, Im. Halton, which take in his own words as fol- 
oweth. 

\ Letthe height of the Pole at two Towns of this Land, diſtant Northward one from 
the other ſome Scores, or rather, hundreds of Miles, being with Inſtruments of ſuffici- 
ent Magnitude by ſome Learned Artiſts exadly obſerved ; and that there were alſo 
employed certain skilful Surveyors (ſuch as are indeed lovers of Art and Truth) to 
take the true diſtances and poſitions from Place to Place between the two Town: : 
Which ſurvey I could wiſh were made with good Theodolites, or Circumferentors, and 
Plotted with a Scale, which ſhonld not be leſs than a Foot by Standard for Ten Miles, 
and the Chains fitted thereto; and that the meaſure be taken, not only along the High- 
ways, but by ſide Stations alſo, where Steeples, and other Places eminent may be ſeen. 
If the two Places or Towns of the Obſervations were London and Edenburgh in Scotland, 
1t would be precſeneſs ſufficient; nay, if it were but London and Cambridge, it would 
yield a greater certainty than any that I know hath yet been uſed. This I ſay were 
an hes v1 work, and worthy the Heroical magnificence of ſome great Man; and 
yet not of any chargable Performance neither ; but it would bring a marvellous Light 
and furtherance to Navigation and Aſtronomy: And here I will make bold to propoſe 
a way, which any ingenious Student, whoſe Sight both of his Eyes and underſtanding 
15 quick and perſpicuous, may himſelf privately, and with much facility practice; the 
Reaſon whereof confiſteth upon theſe three Prenciples. 


TI. That if with a Leveling In/frument ſet up in any place, parallel to the Horizon, 
a Man take 2 true Level unto another Place : the viſual Line by which he levelled, 
ſhall be a Tangent to ſuch an Arch of a Great Circle upon the Earth, as is contained be- 
tween the Station and the Mark ; becauſe, that the Viſual Line, together with the two 
Lines imagined out of the Centre of the Earth, do include a Right angled Triangle, 


having the Right Angle at the Level, 


II. That if the ſame Inſtrument be ſet juſt even with the former Mark, and you 
| level backward to the former Station ; this laſt Viſual Line ſhall over-ſhoot the tormec 
place of the In/frument : and ſhall incloſe a new and greater Right angled Triangle, ha- 
_ ving the Right Angle at the ſecond Station. 


_ UE That the former of the ewo Viſual Lines ſhall cut this latter, and greater Kip ht 
Angled Triangle into two Right Angled Triangles like to it ſelf, and one hike to the 0- 
ther. By the 8b Prop of the 6th of Euclid. 


As 


- 
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| As in this Scheme The Centre of the Earth is C ; the fitſt Place or Station of the 
*  Levelling Inſtrument 1s A, and the Viſual Line thence is A B, to the Mark B, which is 
allo the place of the Inſtrument in the Second Station, from whence the Viſual Lene 
| backward is BD, over-reaching the firſt place A. Here are three like Right angled 
1 Triangles; namely, the Greateff CB D, cutinto two other CAB, and BAD with 
3 the Line AB; Wherefore, 
3 As AB, 6to AD: ſos AC, to AB. That is, 
1 As the Diſtance between the two Stations A B, (for by reaſon of the vaſt greatneſs of 
3 the Earth, and the exceeding {mall diſtance between the two Stations in compariſon 
thereof, the Viſual Line A B, thall be the ſame with the Ground Line A E ;) 

Is to the over-ſhooting of the Second Line of Level AD: 

So is the Radius, 

To the Tangent of the Arch AE (intercepted between the Two Stations.) 

The quantity of which Ar#b being ſought out in the Canon of Tangents. Say again, 

As the ſame Arch, (1n Sexageſme, or Decimal parts of a Degree;) 

Is unto a Degree in the like Parts : | 

So us the Diſtance between the two Stations in Feet 

To the Number of Feet anſwering to a degree upon the Earth. 


Example. 


Suppoſe the Diſtance between the two Stations to be 528 feet, (which is the Tenth 
part of a Mile) and that the ſecond Line of Level over-ſhooteth the former ,.,*:* of 
a Foot, or 0.0138 which you ſhall find will be near about the matter. Say, 

As 528: 15to 0.0135: 

So is 19.00900: to 2.61 ; the Tangent of Min. 0.09 + Say again, 

As 0.09 Þ: is to 60: : 

So 1s 528 : to 3511209, the number of Feet anſwering to a Degree upon the Earth, 
which is Miles 664. 


Thus 


1 
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Thus have I ſet down the Rule, and illuſtrated ic with an Example. Bur in the 
practice (by reaſon of the weakneſs of our fight, not able to diſcern a thing diſtinctly 
at any great diſtance, we are conſtrained to take but ſhort Starrons ; whereby the over. 
ſhooting of the ſecond Line of Level above the firſt, 1s bur very ſmall) there 15 Cqui- 
red great preciſeneſs : For the performance whereof it will not be amiſs, to fer down 
ſome dire&:ons both concerning the Inſtrument, Place, and Time 

The Leveling Inferument to be uled in this Work, T would not have to be either with 
a Chanel for Water, nor with Sights. For the Water, belides that it doth continually 
exhale Vapours, hath a certain tenacity, whereby to avoid any drineſs near to it; it 


will rather colle& it ſelf, and ſtand in a heap, than mix with its Enemy ; and contra- 


riwiſe, very gladly diffuſerth ir ſelf in purſuit of any moiſture. And as for the Sigbrs, 
If the Sighr-hole be very ſmall, ic hindereth our ſeeing ; it any whit /arge, it admicteth 


| too many viſive Rays, which dilating themſelves, cannot fix on the true and indivi- 


dual point of che Obje#. Bur I would have ic only wich a Ledge one inch thick, an1 
3 inches broad; and fo broad alſo would Þ have a black /rozk ro bz in a ſquare white 
Board, for the Mark to Level-at; that having ſet the Ledge of the Inſtrument by the 
Plumb Line parallel to the Horizon in one Station, you ſtanding aloof off, and guiding 
your Eye along the two Edges of the Ledge, and your Companion at the other Station, 
raiſing up, or letting down the Mark board as you ſhall dire& him; you may ſee the up- 
bo _ of the black Stroak level with the upper Edge, and the lower. Line with the 
er Eape. 

The Place for the trial of this Experiment, T would have to be a Plain Field, where- 
in you are to have for your uſe ready meaſured out by the Foot, direaly Eft and Wet, 
ſuch a diff ance as you can diſcern diſtin&tly chereat, which to a good and perfect Sighe 
may be 1090 Feet, or to an indifferent Sight 528 Feet, which is the Tenth part of a 
Aile : And at both ends of that diſtance (which are to be your Stations) the Ground 


_ to be handſomly plained and beaten, for the more exact ſetting up of your I»/trumens 


reon. P 

The Time for making your Obſervation, I would have to be about Midſummer, in 
a ſeaſonable dry and calm Weather ; when having ſet up your Leveling Inſtrument in 
the Baſtern Station, you may take your firſt Level about 1 1 of the Clock 1n the Fore- 
2000; Which being done, you may remove your Leveling Inſtrument to the Weſtern 
Station; and about One of the Clock in the Afternoon (when the Swr is gone fo far paſt 
the Meridian) take your back Level. 

Theſe are the moſt neceſſary and accurate cautions that 1 can deviſe; and all little 
enough for fo curious and ſubtle an inquiry : I have alſo ſet down the form of the 
Levelling Inſtrument, and of the Mark Board in Figure. 


3 Bet: oe 


. Of the Diviſion of the Terreſtrial Globe. 


1 fi E whole Superficies of the Globe confiſteth of Land and Water, and therefore, 
thoſe are the ewo Principal Parts into which it muſt be firſt divided: And thols 
again are ſub-divided : For, , 
I. The Earth Part which we call Laxd, 1s divided into theſe Parts, vis. 
I; Continent, and 2. 1/and. 
And thoſe again are divided into theſe Parts, viz. 


3 Peninſula $5 Promontory. 
4 Iſthmus © 6 Cape. 


2. The Watery Part, which we call Ses, is alſo divided into theſe Parts, viz. 


1 Ocean, F Ka Creek. 
2 Sea. 5 Lake. 
3 Straits, 6 River, 
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| were with a watery Girdle, as Great Britain and Ireland. Theſe again are {i 
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Of the Earth arid its Parts. 
1.-Of a Continent. 


A Continent 15 4 great quantity of Laxd (not environed or ſeparated by the Ses, ) 
in which many Kingdoms and Countries are contained ; as Europe, Aſia, &c. 


2. Of an lland-: 


An Ind is a part of the Earth claſp'd in the embraces of the Sea, and hoopt as ic 
74 rr 
into Peninſuls's, It bmws's, Promontories, Capes, &C. 


3. Of a Pen. 


A Peninſuia or Pene-Inſula is a part of Land which being almoſt environed and in- 
d round with Water, 15 joyncd to the firm Land by ſome little 18mm, as 
#frica 15 joyned to Aſia, or Morea to Greece. 


4. Of an 1lle, 


An If bmw 18 4 little narrow neck of Lend betwixt ewo Sear, joyning 2 Penin 
to the Continent ; as that of Darien in America, or Coranth in De 'E 5 | ifuls 


5. Of @ Promontory. 
A Promontory 1s Mons in Mari prominens, a high Hill or Mountain lying out as an 
Elbow of land into the Ses, the utmoſt end of which is"called a Cape 3 as the Cape of 
God Hope, and Cape Verde. 


' The Land drawn upon the Supeyſcies of the Terreſtrial Globe, is divided in four prin- 
cpal Parts or Quarters, viz. Europe, Aſia, Africa, and America. 
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Of EUROPE. 


4rope of the Four Great Parts of the world is the leaſt, yet the moſt conſiderable in reſpe& of the 
E Beauty of her Kingdoms and Commonwealths ; the Politeneſs of her Inhabitants, the Governm: xt of her 
Cities, the Goodneſs of her Air, her general Fertility, and her Traffick and Commerce. 

Her Situation is all in the North Temperate Zone, The Length thereof from Cape Fins Terre, on the 
zreſt of Spair, to the River Tanais (now Don) is 2400 Miles, at 60 to a degree: The Breadth thereof 
from the South to the North, i.e. from Cape Metapan of Morea, to the moſt Northern Promontory of Norway 
abour 21:0 Miles, 

On the North, Europe is bounded by the Northern Ocean, or the Frozen Sea ; Towards the weſt by the 
Atlantich Ocean: By the Mediterranean Sea towards the Soath, and beyond thar Sea, by part of Aﬀrica : 
As for the Eaſtern bounds, from the Mediterrantan Sea to the North, they are theſe : (1) By the grchi- 
pelage, Or white Sea, otherwiſe the &/Egran See. (2) By the Straight of Gallipoli, or the Dardaneis, o- 
therwiſe called the Arm of St. George, and formerly the Helleſp,ut. (3) By the Marmora, formerly the 
Propents. (4) By the Straight of Conſtantinople, or the Cana! of Mar Maggzort, formerly the Thracias Boſ- 
phorus. (5) By the Black, or Mar Maggiore, formerly Pontus Euxinue. (6) By the Straight of Caffa 
or Veſptra, otherwiſe the South of St. Johns ; formerly the Commerzan Boſphorus. (7) By a Linen, other- 
-wiſe rhe Sre of Zzabaque and Tenai, formerly Palus Meets. (8) By the River Dox or Taz, formerly 
Tan4is, (9) By the Eine draws from the moſt Faferly winding of Doxu, to the Northern Ocean near 0h;, 

There are Four Principal Languages reckoned to be ſpoken in this Parr of the World; viz. High-Datcy, 
Latin, Greth and Slavoniſh; of which the High-Dutch is of three ſorts, (1) High-Datch in Germayy, 
Saxon in England and Scotland; Daniſh in Denmark, Sweden, Norway and Ireland. (2) The Latin js 
corrupted into 1talien, French, and Speniſhy» (3) The Greek had formerly four Diale&s, the Articp, 
Tonick, Dorick, and eFolick. The Slavenian Language runs through all Slavozia, Bohemia, Poland, and 
Muſcovy.= There are Seven other La es of leſs note, which are uſed in Europe, the Albanies, 
Coſach, Hungarian, Finland, Triſh, Britiſh, and Biſcagne. The Caſſack hath ſome affinity with that of the 
Leſſer Tartars ; Finland and Lapland ſpeak obly Finlandiſh. The Britiſh is ſpoken in #ales, Cornwall, and 


Brit any \n France ; Biſcayn only in Biſcayni. 


The Kingdons, &e. of EUROPE. 


CCaſtile, Madrid. 
Leon, Leom. 
4 Navarr, Pampelong: 
Biſca, Bilboa. 
Aſturie, Oviedo. 
Gallicia, St. Jago de Compoſitlis, 
| Porrugdl, Lizhox. 
Cspain, (with its Kivgdoms ors Algarve» Phayo. 
Principalitles, viz, \ Andaluſia, Sevil. 
Granada, Granada. 
Murcla, Murcia. 
'# Arragon, Caragoſa. 
| Valencia, Valencia. 
| Catalonia, Barcelone, 
LN | The Iſles of Baleares, Mejorce. 
0 CF Picdmont, Turin. 
- Genoua, Genoua. 
Parma, Parma. 
Mantua, & Modena, Maztne 
! NY —_ Venice. 
The three | 1:aly, with its ſevera at cany, Florence. 

1 moſt Seu-& —_ Principalities , the chief? Eftare of the Church, Rome. 
thern ps. q of which are, Naples, Naples. 
are Ifle of Sicllly, Meſſina, 

: Iſle of Sardiny, Calari. 
; \ Liſle of Corſica, Baſtia. 
& | by ; \ Boſnie, Jaycrs, 
Servie, Belgrad. 
| Bulgarle, Sophia, 
| Romanſa, Conſtantinop!t. 
Macedonfla, Salonichi. 
: \ | Theſlalonie, Armichd. 
| ! < Epire, Peruegd. 
Twhey (in Exrope) with ſeveral | Achaia, Selines. 
Eſtates, the chiet of which arc | Peloponeſus, Pttr as. 
1 thoſe of | | Dalmacie, Rhaguſe. 
Sclavonia, Poſega. 
[llyris, Zatha. 
| Croatia, Sifte- 
4 Ew 0p: 
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| SIA is one of the Tripartite Diviſions of our Continent, .if we conſider the advantages which 
the Author of Nature hat» given it; of the manifold Attions whic'1 have paſſed in ic. {1.) That 


the firſt Monarchies and Religions have had their riſe here. (2.) That the chief a{y/terizs bork of the 014 | 


and New Lew, were here laid open. ( 3.) That from hence all Nations of the World, and all Arts 
and Sciences had here thcir firſt beginning; ſo that we may -jultly prefer it before the other pars of 
the World. . - 

It is ſcated in the Orzental part of our Continent, and moſt part 1n the Temperate Zone; what it hath 
under the Torrid, being either Pexinſula or Iſlands, which the Waters refreſh, 

Ir extends from Smirna in the Weſt, to the fartheſt part of Tartarie near Zeſſo in the Faſt 4800 
Miles ; and from the lowermoſt part of Molacca in the South, to the Straighrs of weigats in the North, 
ir makes 4260 Miles : in which meaſures are not comprehended the 1ands belonging to 4ſz, which 
arc as Great, as Rich, and Numerous, as any in the other Parts. : ; 

From whom this Part of the World took irs Name Is uncertain. Some attributing it to 4x the 
Daughter of Oceanus and Thetis : others from Aſus, the Son of Atis a King of Lydia - ſome from 4g. 
the Philoſopher : others from the Yezeſian Word Aſia, ſignifying Medium or Middle. 

The Religions in this Part followed are many ; bur the Zews, Mabometans, and 1dolaters, far exceed 
the Chriſtians in number. 1dolatry began in the time of the Afſyriaxs, Judaiſm among the Hebrews, 
Chriftianiſm in the Holy-Land z bur was firſt ſo called at Antioch, and Mahometiſm in Arabia. 

Afea, cowards the Weſt, is ſeparated from Africa by the Eaſt Sex, and by the 1/?mus of Sves: itjis divi- 
ded from Europe by ſeveral Seas and Straights, before mentioned in the Deſcription of Europe... To. 
wards the other Regions of the World, 4f« is environed by the Tartarian, Chinean, Indian, Perfren 
and Arabian Seas, Caucaſus and Taurus are the higheft Mountains, but ſeveral other Countries give them 
different Names. ; 

The Air of Afi« is every where Temperate ; and if we confider her Gold, Silver, Precious Stones, 
Drugs, Spices, and Silks ; It is the Richeſt, as well as the moſt Noble Part of the World. 

Four of the Seven Wonders of the World are in chis Part, viz. (1.) The Temple of Ephiſus. (2.) The 
Menſoleum in Haljicarnefſus. (3.) The Walls of Babylon. (4.) The Rhodian Coloſſus. Beſides, (5. ) The 
Oly Fupiter in Exrope. ©(6.) The Egyptian Labyrinth. And (7.) The Pyramids in Africe. 

= is in ſubjeRlon to four Potene Monarchs, who are able to bring mighty Armies into the Field. 
(1.) The Grand Seignior, who refides in Europe. (2.) The Sultan of Perſia. (;3.) The Chan of Tar- 
tary, at this time King of China. (4-) The Great Mogul. Beſides theſe, there arc ſeveral Great Princes 
in India, and in many of the Iſlands. 


r Anatalla, S Boſe. 
| | Sever 


- 


227 LOG , Trigots. 
Turkey in Afic, which comprehendeth | Sourle, 
the parts aud chief. places of % 
| Caraemic, 
| | Dlarbeck, Achanchive. 
if; f Sacnoſat. 
| | ErxOrum. 
| [x Turcomanle, Cars. 
'q! ' Majaferequia. 
| p Farce. 
| Mingrelic, Sevatepoli. 


b Gurgiſtan Cri 
Georgie, which comprehendeth the parts 7 { 
and chief places of Y=uirle, Cbzpechr, 


Strank. 
Lictle Turcoman. Derbent. 
Arabia the Sto- Byſerer. 


- - » ab. 
_ with its parts and chief places dls the Deſart, nay 
2 


Meding. 
| | Arabla the 7 Mecca, 
Ads. 


= 


- 


P—— —  — 
a_ 
— 


Ln POE TROL ICE TE I Po 


TON Rt hc” aeves —C——__G- har; Ano z8 2 


Part Il, COSMOGRAPHY Terreſtrial, or Geographical. 


499 


2 Y C Servan, T aurts. , 
Gilan, Gian. 
Gorgian, Lorgiar. 
Churdiſtan, Choy. 
Perſia, with its chief Provinces and Ayrack, wx, 2: 
proces of | Chorazan, Kayen, 
Firm $ Chuſiſtan, Soufter, 
Land Fars, Chir aef. 
whereof Kherman, Girefe, 
thePr in q i Sableſtan, Zarans. 
cipal * — f Artocks Attock. 
parts are 1 Calul, Cabul. 
Empire of the Great Mogul, | Lahor, L ahor. 
| wherein are comprehen- Delly, Delly. 
ded diverſe Kingdoms, Agra, Agra. 
'the chief of which are | Malway, Ratipore. 
| Guzarati or Gam- { Surat. 
| baya, Cambaya. 
6 | C Bcngala, ; KBengala« 
India as it Decan, Goa. 
is divi-. Peninſula of 114ia without Galcoeds, >" ani, 
ded into the Ganges, with its ſe- J*_ Biſnagar, 
| the | veral Kingdoms, &c. the YBiſnagar, \, Harfagne: 
| chicf of which are Malabar, Calicut. 
Pegs. 
Pegu, Boldia. || 
| Peninſula of 11d4i4 within the )Sjam, Banckock. 
| Ganges, with its Kingdoms Mallaccs, Malacca. 
Lv and chief places of Cochinchina, Pulocactin.. 
i Tunquin, Keccio, 
Aſia as \t | FPequin, | Pequin. 
is divi-< . | | Nanquin, Nanquin, 
ad Chir with irs chief Provinces and Ci- } Sciancon, Xanton. 
tics of Quichen, Quiches, 
| | Canton, Cant on. 
| Chequian, Chequiane 
1 | STarcaria Deſerta, Cumbat-h. 
; | R | k | } archam. 
| f | ron with firs five parts, and chief 919% Sh ng 
/ [&. FRReev'of athay, Cambaly. 
| | Trac Tartaria, Tartar. 
7 | - 6 Niphon, . Meaco. 
G | CIfes of Japan, as Xicoco, Sanuqui- 
: Ximo, Bungo. 
, ns - I Luſon Luſon. 
3 | | Philippine Iles, as Mindanao, Mindanao. 
Molucques, Gamma, 
1 Ifles of Molucco's, as Celebes, Celebes, 
7 G1lulo, Gilolo, * 
; ſln the O- Sh 
| cean, as Sumatra, "= L 
| | Iſles of Sender, as Borneo, Boyneg. 
| Javan, 3 Bant aw. 
| Jacatra. 
| Iſles of Lerrong, or Thieves, — ——— Deſerte. 
Iſles , ws | Iſles of Crylans, ———— Colombo. 
wit, | Iles of Maldives, Tile don Matis, 
by Cyprus, : Famagonſte. 
In the Levant <ea, as Rhodes, Rhoaes, 
In the Me- Scarpanto, Scarpents. 
AZLOrY a- Sch, Scis. . 
neax Sea, iy Tenedo, Metelin. 
L as Ls camo, Same. 
In the Archipelago, as S Nicarſz, Nicaria. 
| Lango Lango. 
% [ a Stampalia. 
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A* RIC A Was by the Ancients called Olympia, Heſperia, Octania, Corypne, Amonis, C*tygia, and 


e£thiopia; by the Greeks, Lybia; by the Ethiopians, wer pt by the Arabians, Ii: hea , by 
the Indians, Beſecath; by the Turks, Magribon ; but the generally ggceived Appellation is 4p icz : deri- 
ved either from Aphber, an Hebrew Word, ſiznifying Duft, or from Epher or Apbar, one of it}.c Nephews 
of Abraham; by tae Greek Fablers, from Aſer, a Companion of Hercules ; by the Arabians, from Farch, 
ro divide or ſeparate; or from the ancient name of Carthage, called Africa. 

Ic is firuare (for the moſt part) in the Torrid Zone, the & quixofal rutining through the very middle of 
ir ; ſo that the Ancients thought it un-inhabired, as parched by the Sun's exceſſive heat : bur what to chem 
ſeemed almoſt impoſſible, is now common ; for the Secrets of her moft remote Shoars are beaten up, 
and traced by continual Voyages : firſt by the Portagals, and afterwards by the Engliſh and Dutch; ſo that 
the Confines or' Bounds of chis part of the World are perfe&ly known. For, / 

Ie is bounded by four famous Seas, viz. The Mediterranean on the North; the Red Sea, or 4rabian 
Gulf, on the Eaſt ; the «e/£tbiopian on the Soxth; and the Atientich Oceans on the Weſt ; is that ir is dis 
vided from all the other Parrs of the World by Seas, except Aſs, ro which ic is joyncd by a little 
Iſimus, Its form is like a huge Pyramid or Triangle: The largelt cxtent thereof, from Eaſt to Weſt, 
and from North to conth, is variouſly ſet down by moſt —_— by reaſon of che irregularicy of 
the Figure thereof ; wherefore I ſhall here ſet down the Meaſures , according to Mr. Robert Morden 
fn his late Gregrepby, Printed at London 1688. Thus, The degrees of Longitude from Eaſt to Weſt, con- 
tained berweer Cape Verde, and Cape Gaardafuy, 1s 92 degrees, which is 4320 Miles, 60 to a degree ; 
and Irs breadth in Latitude, North and South, from Cape Bon, to the Cape of Good Hope, is 70 degrees, 
which makes 4200 Miles, 

The greareſt Kivers in Africs are Nilus and Niger. Nilus runs above 3000 Miles, paſſes through the 
biggeſt Lakes, forms the biggeſt _ and waters the moſt lovely Valleys in the World : the Heads of 
ce Rivers are not well known, moſt probable they are in Etbiopia ; the CataratFs or Falls vu 
the Coofines of Ethiopia and Egypt; and their Moxths, which throw themſelves into the Sea, whe 
Byygt. —— The greateſt Lehes in this part are Zair, Zembere and Zeflen, all of them in Etbiopia, 

w— The chicf Mountains are that of - Atlas, and the Mountains of the Moon. 

Africa s the _ and worlt Peopled part of our Continent. Her Great Rivess full of Crocodiles, 
Her Mountains and Deſerts filled with Lioxs, and other Ravenous and Cruel Breaſts; and the ſcarcity of 
Water produces many Monſters, which Creatures of ſeveral Species Couple and Engender at the Wa- 
tering _— where they often meet. Their Elephants, Camels, Baboons, and Dromedarits, are. very 
ſerviceable to the — : They have alfo, wild Aſſes, Unicorns, Barbary Horſes, Camaleons, Little 
 Monkits, Parots, and Auftriches, which afford them fine Feathers; and their Civet Cats they much 
eftecm for the excellency of their Scents. 

Amoag the great number of different Toxgues which are & grows in Africs, the moſt general are the 
Barbary or African, which comes from the Ancient Punick and the Hrabick 3 which two extend 
all Barbary, Bilidulgerid, JO, and Serrs. The Ethiopian in the greateſt part of Ethiopia. 1 
Language of , > differs _ —_— —_ hath divers —_ 

The Kkeligions Ica, are t Idolatrour, 8s Paganiſm, and Mahonetani et there 
are mixed among them vaſt numbers of ave, and Chriſtians of (cveral forts. 5 


irTc2 


£ Morocco, _ | 
Fez, ck 
) ; Telenſin, relenjit. 
4 which containeth Algier. 
; an; of q Algler, Bugia. 
T _ 
Tripoll Tripells. 
| rat, To 
 \,Deſart of Barca, Ammon, 
Exterior, ; 4 Sus or Tefler, Teſſet. 
rg OY == 
wa w A egenomeſſ 4. 
& Com- © _ ſeveral Kingdoms 2 Tafiler, Tafilet. 


q Provinces, the chief | o : Tegsrarite 
| Jeth | of which are _ Mo, 
en. 
| | emauger id, yo, 
Sayd or Bechla, _ : 
241dria. 
if, Koſetts. 


| of the Red $ Sues. 
Sea, Grodsl, 


þ Egypt, which 1s divided 
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| Zanhaga, Tegaſſa. 
( Africa, or Zuenziga, Zumngiga. 
Libya, C7Zaara or Saara, where are Targa, Targes 
the Kingdoms and Cities Lempra, Lempta. 
of  \Berdoa, Berdot. 
Gaoga, Goagd. 
| . Borno, Borno. 
Gualate, Gandia. 
Genehoa, Genehoa. 
_ Tombur, Tombots., 
On this ſide the Agades, Agaats. 
| [nterfor, | Niger, as of YCanun, Cano. 
io- Caflena, Caſſena. 
| or 10- | The Land 
Y | | ward, &< of Negroes, Gangara, Gangard. 
compre- where ace | Between the The Facoſes peop. Solul. 

{ bendeth | '>* King-< Branches of / The B atar, peop. Biatares. 
dos ,Peo- | Niger, asof ( Tc Souſos people. Beria- 
are Melli 
Countries Mellt, : 

Manding, Mandings. 
, Beyond the Nis )J Gago,  Gago. 
Ti CL £r, as of Guber, Gubs. 
' Legzeg, Zegate- 
( Tanfgra, Z anſerd. 
| : ES ; Melegutre, Bugos. 
| Guinee, with 11s Kingdoms, ) Particul.Gainee or St.Gedrge de 11 Mis 


. Parts, and Chief Flaces of”, the Ivory Coaſt, na,Cape of Palms. 


Benin. Benin, 
{ Bugia, Bugia. 
i . Jalac, ,- 
'F-- 7, : Cf Nubia, where are the King- Nuabſa, Nuabla. 
| doms, Countries, and Cie! Dancala, Darcala, 
tf ties of ' _ 4 Cuſa, Cuſs. 
| Gorham, Gorham. 
| Damocla, Damocla. 
I x 5omna, Somna. 
| l Tigrema'1on, Chaxums. 
: _ as || Barnagaſlo, Barva, 
: 1s divi-< | Angora, . Angotina. 
| ded fnco | CHigher or . __* + Dancala, Degibeldara. 
under E- | The Empire of the Abiſſines, | Amara, ' Ame 
7 ; | yt, ande where are ſcyeral King- 2 Bagamedri, * Bee,” 
F Compre- doms, Countries, and Ci-7 Ambian, Ameſen, 
f -hendeth | ties, the chief of which are Damure, Damite 
| } \ " AgapÞ Agee. 
| | ; Cafares, Cafates. 
| Narea, - Zeb. 
; | | | 'v.Amblam, Ambiay. 
| , (Z imguebar, with its = 45a 
Kingdoms and Ci-< Quttoa 
| | | ; ries of ullmanca. 
| | Barbary, or Zanguebay, which | The Coaſt of Ajan, Q Adea. 
| Ethiopia, 4  isdividedimo © ** © with its Kingdom 4 gy. 
-q | | The Coaſt of Abex, Magadox1. 
i FE irs chief Places and » Arquice. 
| -} 'C Iſles of Suaquen, 
f | ak 1 : Loango. Loango. 
j " Cernigo, with its ſeveral King- YPemba, Pemb a. 
-doms' or Provinces , the< Angola, Enz4%, 
. thief. of which are Bamba, . Bamba. 
; Songo, ol F Sonho, 
, | Lower, Cape of Good Hope. 


or Imte- | The-Coaſt of Cafres , with its ſeveral Eſtares, YCape of S. Nichol. 
rior,andy  'Kingdoms , Capes, Ports, and Iſles; ' the< Port of Caraſcalis; 


C—cun—_—__— -” = 
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@! compre- | chicf of which are the - Iſles of S.c briftoph. 
| | © hendeth | Ifles of S. Lucia. 
| . | | Monomotapa, Monomotapa. 
: ! 2 a 8 Burua, ; Butus. 
| 1 . Monomotapa, with irs King- an 
| { o. doms, and chief Places, —_—_— ' Zife 
| , b 
M-- $O:452Þ | Chicanga, Zimbaos. 
= rin the Mediterrantdn Sea, M.:lra, | Valttta. 
h SAN : —_— Iſles, Canaria. 
4 Divers. _ Ta the yrſiers Ocean, as The (Jes of Cape Verd, St. ago. 
\ ., {Ciſles, @ The Iles of $.Toms1, _ 
| Fe gaps dad 6 on 2 
Ooo4 | of 
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Of AMERICA. 


ME RIC 4, atherwiſe called the New #yorl{: (1) New for tits late diſcovery ; (2 ww! for frs 
Greatneſs: The moſt uſual (rhough che moſt 1mproper) Name is America, fo cailed from Ame- 

ricw Veſpaſies, an adventurous Florextine , who diſcovered a great part of the Continert of it, in the 
year 15co, but ſince that the firſt light whtch he had to find out choſe Parts, came from rhe divefions 
and 6 xample of Columbus, who firlt led the way #nno 1452. and that Sebaſtian Cabot rouched at many 
Places, which Americus V/:ſpaſins never ſaw ; it might as properly have been called Columbian, Sebaſtia« 
na, Or Cabotia, as America ; but oftentimes it is called the tWeſt-In /rs : Weſt in reſpe& of its Situation, 
and Indies for its Welt" : What kind of Country tt is, and what it produceth we do now know jn part, 


and future Ages may know more. This large Part of the Earth was unknown to the Exropeans till 1492, 


one Chriſtopher Columbus was furniſhed by the Court of Spain with three Ships, only for diſcovery, with 
which at about 63 days Sailing upon the Ocean deſcried Fire, which was 1n an Iſland near the Coafts of 
Florida, called by the Natives Ganabani, now Salvador, After whom fobx Cabot, }enttiar, Anno 1497, in 
behalt of Henry VII. of Englazrd, diſcovered all the North-Eaſt Coaſts thereof, from Cape Florida, to the 
South, beyond New-10nd-Land in the North ; cauſing the Royalets ro become Homagers to the Crown of 
England, Next after him ſucceeded Americas V:ſpaſius, employed by Emanue! King of Portugal, in the 
year 15c0, to find out a nearer way to the Molurcos, than by the Cape of Good hope ; notwithſtanding, jn 
that his cngerpriſe he paſſed no farther than the Cape of Auguſiine on the Coaſts of Braſil, this vaſt Parr 
of the World retains his Name, as aboveſaid. : 

As for this vaſt rratt of Greund in general, it hath the advantage cf being Temperate and Fruicful, 
by reaſon of irs Great and Fair Kivers, and the freſh 7reexz's that blow »1 the Torrzd Zone ; whereby we find 
that the cauſe of Violent or Remiſs Heats, do not always proceed from the nearneſs or diftance of the 


Sun, but mavy times from the Situation of the Place; the diſpoſal of the Mountains or Lakes ; the qua- 


lity of the Sole z and the nature bf the ids that blow. | 

The zealth of America is ſo vaſt, that Spain hath, and ftill doth draw from thence prodigious quanti- 
tics of Gold and Silver, and the Mines of Pers have furniſhed him with many M3liors; and his Revenue 
yearly, (by impoſitions laid upon Goo4's tranſported thence z as Gold,-Silver, Pearls, Emraulds, Skins, Sugar, 
Tobacco, Cochenille, Sarſa-perilla, Ginger, and other Commodities, ) amounts unto aboye 12 Milliogs, 

As for the Original of theſe People, it is probable they did deſcend from the Tartars, if it be ſo, that 
the weſt fide of America be Continent with 4a, or ſeparated by ſome ſmall Strait. 

At the firſt arrival of che Spanierds, they found the People naked, ignorant of all things they had nor ſeen; 
wondering ſtrangely to ſee their Ships and Horſes; and admired to ſee them know the Aﬀairs of one 


another by reading of L:tters. : 
They have as many Languages as Towns. They are naturally ARive, ſwift Runners, and good Swin- 


mrſs | 
The Mexicans and Peruans were the only Americans that lived in Cities, which Cirles, chough Founded 
by thoſe People which we call Savages, were no way inferior to ours In Europe, cither for Magnitude or 
Magnifscence. The Spaniard poſlceiſes the Richeſt, Largeſt, and moſt Fertile Provinces, Mexico 
and Peru, formerly two Kingdoms z one Hereditary, the other Eleftzve. Thi Portugueſes have the 
Coaſts of Braſil. The French have their Colonies in Canads, in ſeveral Iſlands, and upon the firm 
Land. The Engliſh are fairly ſeated along the Coaſts of North America, and in the Iſlands, —— 
And the Dutch have got many Places on the Continent and Iſlands. 


This large Continent is eucompaſſed on the Eaſt by the North Sea, or Mar del Nort ; on the Weſt by 


the South Sea, or Mar del Zur; and onthat Part which hides it ſelf under the Pole of the Erymantbean 
Bear, to the Straits of Magean, the North and South <eas meet and embrace together, dividing i; (as is 
ſuppoſed) from cither Pole. | | | 


AMERICA. 
. Groeola Beartford. 
p \ The Artich Lands, as Northwales, Stehorſe point, 
Southwales, Hudſons bay. 
rEftoltland, FX advanced. 
, - Saguana vehec. 
| conadiantd | rag Mox Real. 
_ +2 1 ; Acadie, Martengo. 
there ſha | 
| be | Canadg,or New Fraxct, | as 7" Far Town: 
whoſe chief Parrs and * Vir Yo 1 TJames Towne 
LPcople are thoſe of oy 
: P Caroliaa, Charles Town, 
= The Hurons, St. Petter, , 
| =» of Bermudas, South ampton- 
c Florida, SK, Helens. 
r Mexico, . Mexico. 
Panuco, Paxsco, 
# Mexico, with It's Pro- | Mechoachan, Mechoacben. 
ſs ptentrio- 2 vinces and chief Pla-S Tlaſcala, Tlaſcala. 
xal, which ces of Guaxaca,  Antequtry. EN 
may be | Tabaſco, No. Sew. At ls Viftorte. 
| divided \ Jucaran, Merida. 


? 
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e b 4 [ Guidalajnes, 
: | ; Xahiſco, 
| Chiameilan, 
| Culiacan, 
Guadalajara, with Its | Cinaloa, 
Krovinces of < Los Zacatecas, 
; New Biſcay, 
I yicane, —_ 

| wich its nians, 

| 3 | Cibols, 
| | ce Pro- « California, 
vinces, 
| Oc. of 


| 


+4 


(Guatemala, 
p Vera Pax, 
Soconuſco 

Guatemala , with Its Chiapa, Z 
Provinces, &c. of * Honduras, 
| 


't. Domingo, with Jamaica, 
Iſles, the chief of > 

ded in- which ace —Panama, 
-» Carthagena, 

$t, Martha. 

Rio de la Hacha, 
Terre Firma, with its | Venezula, 
Provinces, &c, of JJ New Andaloufia, 


f Perwviant, [ 
where &@ Popayan, 
7 6 

eru, 
| ” De los Quixos, 
Pery with irs Audi- YPaſamores, 


| Li 
| | LEnces of —_ 
| 


| 


Mertdio- | a 
xal, which | ke —_— 
Taka © [ Spiritu SauRo, 
| divided | | 
x into 
los Iſleos, 


Carerile, with Its Ca-5 Berremboco, 
pi and Govern- Tamaracs, 
ments of | Parayba, 


Fo Brawilnt, 


[ 
| vher 


Plata, with firs Pro-. 
; « Yinces, &c. of Parang, 


Paraguay, or Rio de las Tycontam, 
5 ;  Guayr, 


Guadalajara, 
OED 

Sr. S ebaſtian, 
St. Michatl. 
*r. 7obn, 
Z4catecns, 
St. obs. 
St. Fee. 
Anian, 
Cibola, 
Port de Monteve. 
St, 74go de Guatemala. 
Vera Pax. 
Guewvellan. 
Cuidad Real. 
Valladolid. 
Leon. 
Cartago. 
la Conception. 
Sr. Zage. 
Sevilla. 
St. Domzego. 
St, Germaine, 
Panana. 
Carthagena. 
St. Martbe. 
Rio de la Hacha.. 


Venezula, 


Macurewaray. 

St. Pee de Antiochia. 
St. Fee de Bogata. 
Nuito. 


Baeſa. 


— <_ 


Lima, 
De la Plata: 


Spirits Saxflo. 
Porto Seguro. 


Se Solver 


Stregippe del 
Seregiphe del Ley 


Tamar ace. 
Paraybe. 

De los tres Reys. 
Sara. 
FJunipare. _ 
Para. 
Paraguay. 
—_ 

A «amption. 

= Jags ſos. WA 
2 C, 

Sr, lendtiog. 

Ouidad Real. 
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Of the Water and its Parts. 


. Tu E Earth (as was ſaid before) is encompaſſed about with the Water, which is 


either Ocean, Seas, Straits, Creeks, Lakes, or Rivers. 
1. Of the Ocean. 


The Oceas is a general Colle&ion or Rendezvouz of all Waters. 
2. Of the Sea. ; 


The Sea is a part of the Ocean, and is eicher Exterior, lying open to the Shoar, as 
the Britiſh or Arabian Seas ; or Interior, lying within the Land, to which you muſt 
pals through ſome Strait, as the Meduerranean or Baltick Seas. 


3. Of a Strait. 


A Strait is a narrow part or Arm of the Ocean, lying betwixt ewo Shoars, and 
opening a way into the Sea, as the Srraits of Gibralter, the Helleſpont, &c. 


4. Of a Creek. 


A Creek is a ſmall narrow part of the Sea that goeth up but a little way into the Land, 
otherwiſe called a Bay, a Sration, or Road for Ships. 


5. Of a Lake. 


A Loke'is that which continually retains and keeps Water in it, as the Lake N:- 
curgua 1n America, and Zaire 1n Africs. | 


6. Of 4 River. 


A River is a ſmall Branch of the See flowing into the Land, courting the Bank, 
while their Arms diſplay to embrace her filver Waves. | 


- SEC T. VII 
Of the Names of the Occan. ; 


| Tg all, according to the four Quarters it had four Names; from the Eft it : 
was Called. the Ezfern Ocean, from the Weft th: Weſtern, from the North the | 
Northern, 'and from the South the. Sexrhery. Bur belides theſe morg general Names, : 
ic hath other particular appellations, according to the Regions or Countries it boun- ; 
deth upon, ahd the Nature of the Sea: wiz. as it lies extended toward the Eft, it is cal- 
led the Chmean Sea, from the adjacent Country of China ; fo the Archipelago of St. Le- 
z4rus, fromthe mulcitude of lands. Toward the South, it is called Ocean Indicar, 
or the Indian Sea, becauſe upon it ligs the Indians. The Gulph of Bengala, from Ben- 
gala a City in the Indies, Where ut touches the Coaſt of Per/ia, it 4s called Mare Per- 
ficum : {o allo. Mere Arabicum, from | #rabia ; {o towards Wa, 1s the Ethiopian 
Sea. Then the Atlantick Ocean, from Arlas a Mountain or Promontory in Africe ; 
by the Spaniards called Mar del zur, as allo Mare Pacificum; and on the other tide 0 | 
Americ#'ts called by them Mar del Nart. Where it touches upon Spain, it was called | 
Oceanus Cantabricus, now the Bay of; Biſcay. ' The Sea herween England and France | 
1s allen Ghenel; between England and Ireland, the Iriſh Sea, by ſome St. George's 
Chanel: between England and Holland, it is called by ſome the German Ocean, by 
others the Britiſh Seas ; YV«lgo, the Narrow Seas: beyond Scotland it is called Mare Ca- 
ledonium ; higher towards the North, it 15 called the Hyperborean or Frozen Sea ; more 
Eaſtward upon the Coaſt of Tartaris, the Tartarian Sea, &c. And this ſhall ſuffice 
concermng the Ocean, or Exterior Seas. 
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 SBCT. ll 
_ Of the Names of the Inland Seas. 


HE Baltick Sea, of old Sinus Codanw, by ſome called the Eaft-Sea, by che Inha- 
bitants the Ber, lying between Denmark and Sweden, the entrance whereof is 
called the Sound. | 
Secondly, the Euxine Sea, or the Black Sea, by ſome Mare Caucaſium, Scythicum, 
Sarmaticum, Colchicum ; by the Turks, Caradinizi : to which joyns Meotis Palns, now Mar 
de Zabacken. | 
The third is the Caſpian or Hircanian Sea; by the Turks, Mar de Sala ; by the Perſi- 
ans, the Sea of Backu; by the Moſcovites, Chwalenckei Mare. The length is from 
North to South, and the breadth from Eaſt ro Weſt, contrary to all the Antient Geo- 
grapbers; which 1s certainly diſcovered, not only by the exact obſervation of Oleariar, 
but alſo by his curious enquiries of the true Situation of its Maritime places according 
tothe Longitude and Latitude of the Perſians, as alſo by the Aſtronomical Calculations 
of Mr. Graves, &Cc. 
The fourth, is the Arabien Gulph, Mare Errthewm, or Rubrum, Vulgd the Red Sea ; 
by others Mare Raſſo, and Mar de Meccs. ; | 
The ich, is the Perſian Gulph, or the Gulph de Elcacife: | 
The &axth, 1s Mare Mediterraneum; by the Engliſh, the Straits ; by the Spaniards, 
Mar de Levant : the beginning or entrance of it is called the Straits of Gibralter, ra- 
ther Gibraltarec, olim Gaditenus. This Sea hath many names , as it toucheth upon 
ſeveral Countries; the particular account whereof I ſhall refer to Geographical 
Deſcription of Maps, &c. The length of it is by our New Globes not 37 deg. of the 
| —_ from Tangier to Scanderone : by other Globes and Maps it is more than 42 deg. 
1 of the Equinotial.* And this ſhall ſuffice for a Deſcription of the Water, and its Parts. 
Now that all Places, Cities, Towns, Seas, Rivers, Lakes, &c. may be readily found 
out upon the Globe, all Geographers do or ſhould place them according totheir Longitude 
3 and Latitude: but ſeveral Geographers do fo differ in their beginning of their Longaude, 
3 that its very difficult tounderitand. 


| SE CT. 
| Of the Difference of Authors concerning Longitude. 


O ſay the truth, by reaſon of the variety of Meridians, the Longitudes «re grown to 
T ſuch an uncertainty and confuſed paſs, that it u not every mans work to ſet them down. 
Thus indeed I have obſerved, that many Geographers, or rather deſcribers of particular 
places, telus that ſuch a place ws ſo many degrees of Longitude ; but from what Meri- 
dian, others muſt gueſs, Some penis Fn to follow Mercator: but what are moſt 
' men the wiſer for ths? for Mercator's Meridian was not always the ſame ; ſometimes 
through the Canary Iflands, ſometimes through the Azores. Others again will tell you their 
Meridian ſhall paſs through the Azores ; but whether from that of St. Michael, or thet of 
Corvo, not ſet down; and yet 6 deg. of difference. I ſhall therefore take this courſe : 
Firſt, ſet down the ſeveral Meridians obſerved. Secondly, the difference of Longitude 
betwixt theſe Meridians. Leftly, which of theſe I have fixt wpon. 
| 1. The Great Meridian by Ptolomy and moſt of the Ancient and Greek Geographers 
| was made to paſs through [f#nonce, one of the Fortunate, now thought to be the Ca- 
| lands. 
= By the Arabian and Nubian Geographers, through the utmoſt point of the Weſterw 
; Shoar, near Hercules's Pillars. | 
3. Ortelizs, in his Sheet-Map of Europe, makes Londos to lie in 28 deg. of Longs 
| tude ; but in the Sheer-Maps of France and Belgis ic lies in but 21 deg. fo that 
firſt Meridian to me is yet unknown, The Spaniard: fince the Conqueſt of the 
Weſt-Indies, contrary to all other, account their Longitude from Eaſt to Weſt, begin- 
ning at Toledo. | | 
Py Our Modern Geographers, as Mercator, Cambden, Speed, and others, removed ic 
into the Azores ; ſome placing it at St. Michaels, others at Coro. 
5. Blaew, the Datch Geographer, begins his Longitudes from Tenerif, one of the C«- 
ery {lands ; but upon his Greer Map, the Great Mexidian paſſeth through Tercera-Ille, 
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one of the Azores ; which the reſt of cherr Common Map- makers, De Wit, Viſher, &c. 
as well as many of our Ergliſh, are bound to follow through 1gnorance, tranlcribing 
as well his Errors as his Copies for the beſt. | 

6. San{on, the French Geographer, tor ſome Reaſons (beſt known to himſelf ) begins 
his Longitudes at Ferro, one of the Canary Iilands ; and therefore Blome, his Tranflator, 
is bound to follow it, though poflibly he cannot tell ſo much, and yet the Kingdoms 
great pretender to Geegraphy. : 

-. A late Engliſh Hydrographer tells us, that with a great deal of Reaſon and Con- 
{(deration he placed his firſt Meridian at Gracia, one of the Iflands of the Azores ; 
but it is delineated upon his Globes and os through Tercera, almoſt 2 deg. more Eaſt- 
ward : a {mall miſtake, that another muſt come atter him to tell h:mfelt what A24cr;. 
dian he went by. _ 7 | 

Secondly, The differences of theſe ſeveral Meridians I find are thus ſtated, 

From Prolemy's Meridian to the Arabian Meridian was by Abalfeda, in his Intro- 
duction to his Geegraphy, accounted to be 10 deg. of the e£quator ; Brier ſaith but $ deg. 


d. m. 
Toledo p 15.55 the Spaniſh 
Graciſa 10.25 the miſtaken Engl. 
From the Pico JTercera % | 9. 0 the {uppoled Datch OY "Wot 
of Tenerife tO Palma or Ferrc : 2.5 the French : 
Corvo 13.250 Mercator, or 0- 
St. Michael Tx. mers 


And this laſt is the Meridian from which the Longitudes are reckoned in the new 
Terreſtrial Globe, and in ſeveral Maps that are lately ſet forth by Mr. Robert Morden, 
and Mr. William Berry, which I take to be the beſt that ever the World afforded. . 


SECT. 
Of the Diviſion of the World by Zones, Climatcs and Parallels. 


HE Zones, Climates, and Parallels are to be conſidered two ways, either in them- 
ſelves, or elſe in their Adjunds or Inhabitants belonging to them; of both which 
we ſhall here give an account. 


[. of Zones. 


A Zone ſignifieth as much as a Gi4dle or Band, becauſe by it theſe {pages inthe 
Earth are with larger Bands compaſſed about. 4 Zone therefore is a Space comprebended 
within two named and leſſer Parallels, or between one Parallel aud the Pole it far os 

The Zones, into which the Terreſtrial Globe 1s divided, are in number Five, which 
diviſion 1s generally received ; and hath been familiar with the old Latin Poets, as ap- 
pears by Virgil, 

Quinque tenent Celum Zona, Ec. 


Five Zones mpirt the Sky, whereof ' one Fries 
With fiery Sun-beams, and all ſcorched lies. 

Both which the fartheſt off on either hand 

The blew-ey'd Ice and brackiſh Shoars command, 
'Twixt theſe two and the midſt the Gods do give 
A wholſome place for wretched Man to live. 


And Ovid to the ſame purpoſe, 


Two Girdles on the Right Hand, on the Left 

As many, cut the Skies ; more hot's the Fifth. 

So God dividing with an equal Hand, 

Into ſo many Parcels cuts the Land ; 

The midf, through heat, affords no dwellers eaſe. 

The deep Snow wraps up two : but betwixt theſe 

And th other Regions, are two places ſet, 

Where Froſts are mixt with Fires, and Cold with Heat. 
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| This diſtintion of the Zones bing too general, I ſhall divide them according to 
the method of our times, 1n this manner. 
The Zones are either Temperate or Intemperate, and the Intemperate arc either Col 
1 or Hor. 1 The Intemperate Hot Zone 15 that ſpace of the Earth which is contained bhe- 
ween the two Tropick Circles, of-Carcer and Capricorn. This Zone circumſcribes 
within it ewo Great Circles of the Sphere, viz. the Equinoial running through the 
midſt thereof art right Angles, and the Echprick Obliquely crofling it, and meeting 
5 inthe two Tropicks ewice in the Year. | 
1 The extent or breadth of this Zone is 47 degrees, which reſolved into Miles, by 
1 allowing 6odegrees to one Mile, is Miles 2820: for between the Equino#;al and e1- 
3 ther Tropick are included 23 degrees and a half, which make that ſumm. 
Within the compaſs of this Zone is included the greateſt part of Africe. Allo 
3 many I(lands, as Java, Samatria, Taprobana: and a great pare of the South Americs 
called Peruangs, y 
This Zone was imagined by the Ancients, as Ariſtotle, Pliny, Prolomy, and many 
other Ph:loſophers, Divines, and Poets, to be altogether inhabitable, by reaſon of ex- 
treme heat, and therefore they called it Intemperate : but later diſcoveries have proved 
the contrary. | 
2. The Intemperate Cold Zones are included between the Polar Circles and the Poles of 
the World, whereof one 1s Northern, and is contained between the Ar#ick Circle and 
the yy Pole. The other Southern, contained between the Antarfick Circle and the 
South Pole. | 
The greatneſs and extent of thele Zones are each of them 23 degrees and a half 
Z which reduced into Miles make 1410 Miles. ; 
The Northern Cold Zone, contains in it Greenland, Fineland, and divers other Northern 
Regions, ſome whereof are not yet fully diſcovered. 
The Southern Cold Zone, hath the ſame Magnitude as the Northern ; but for other 
"ater they lie hid in the Gulf of obſcuriry, no Diſcovery having to us as yet been 
made. And whether theſe two Zones be uninhabited by reaſon of intemperate Cold, 
as the So hath been thought by reaſon of two much Hear, this is no place to 
diſcourle. 
| 3. The Temperate Zone, is the Space contained between the Tropicks and the Poler 
Circles ; whereof the one is Northern, and is contained between the Tropick of Cancer, 
and the Ar&ick Circle. The other Southern, contained between the Tropick of Capri- 
corn and the Amtartick Circle. 
Theſe Zones are termed Temperate for theſe Reaſons. | 
| 1. Becauſe the Sun-Beams are caſt —_— , and fo cannot caſt ſo much heat as 
} inthole places where they are Perpendicularly darted downwards. | 
; 2. Becauſe the Zones ſeem to be mixt of both Extremes, partaking in ſome mea- 
fare of both the qualities of Heat and Cold : the one from the Torrid, the other from 
3. Becauſe in theſe Zones the diſtances between Summer and Winter are very re- 
markable, having a middle difference of Time betwixt them, is compounded of both 
Extreams. : 
The extent or breadth of either of theſe Zones 15 43 degrees, which reſolved into 
Miles is 2820 Miles. RE | 
| The Northern Temperate Zone contains 1n it the upper and higher part of Africs, 
* Arretching even to the Mountain of Atlas. In it 15 placed all Europe, even to the 
Northern Iſlands in the Frigid Zone, and a great partalſo of Aſia. 
The Southern Temperate Zone, is not ſo well known to us, it being far diſtant from 
our Habitation, and awaiting, as yet, the farther Induſtry of our Heroick and In- 
1 duſtrious Engliſh Navigators. 


2. Of Climates. 


A Climate is a Space of Earth contained. between two Parallels, diſtant from the 
Equinottial towards either Pole. 

That the Zones and Climates do agree in form, 1s evident by the definition of them, 
but they differ in Greatneſs, Number and Office. 
. I. In Greatneſs, b:cauſe the Zones do occupy Greater, the Climates Leſſer Spaces in 
the Earth. 

2. In Number, the Zones being only Five, but there are many more Climates. 

3. In Office, Uſe and Effect ; becauls the Zones are to diſtinguiſh che mutation of the 
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quality of the Air, and Shadows, according to divers Regions of the Earth. Bur the 
Climates are uſed to ſh2w the greateſt differences of hours in the day ; the variation of 
the Riſong and Setting of the Stars : for places under the ſame Clmare have the ſame 
quantity of Days and Nights, the ſame Ri/ing and Settimg of the Stars : whereas 
places ſeated under gvers Clmates have a great variation in Days and Nigbrs, and 2 
divers Riſing and Settmg of the Stars. , For as often as the Solſ#:tial or Longeſt day of 
one place, differs from the Lrnge/? day of another, by the ſpace of half an hour, a new 
Climate is placed. Wherefore under the e-£quaror the Days are always Equal, namely 
twelve hours long ; and therefore, beginning at the Equino#ial, if we approach to- 
wards either Pole, 1o far as thatthe longeſt Artificial Day amounts to twelve hours and 
a half, we may aſſure our ſelves that we are come- to the firſt Climare. And pro- 
 czeding nearer towards either Pole, till the Longeſt day be 13 hours, we are then ar- 
rived to the Second Climate, and fo forward. : - 

But although all Cl:mrates are placed according to the —e increaſe of half an hour 
ia the length of the Longeſ? day, yet the Climates themſelves compared one with the 
other are not all of the ſaine greatneſs. For no one Climate 1s equal to another in the 


lame Hemiſphere, but are ſtill leſſer one than the other, by how much they are removed 


trom the Equinec{ial towards enther Pole : for the firſt Climate trom the Equinedial is 
reckoned to be 1n the Larirude of about 8 deg. 34 min. whichis 514 Miles, the ſecond 
begins in 16 deg. 43 min. both which make 1003 Miles, which is ſomewhat leſs than 
the former, for 514 taken from 1993 there remains 489 for the Second Climate, and 
1oof the reſt, decreaſing, whereas the laſt 15 not ſo many minutes as quarters of Miles. 

Concerning the Number of Climates there have been great differences among Geo- 
graphers; But a Climate #s now defined by later Writers to be a Space comprehended between 
three Parallels iz the Habitable Earth, whence the length of the Longelt day s increaſed 
by baif an hour, Hence it muſt needs follow, that from the Equine#ial (where the 
Day is always 12 hours long) to the Polar Circles (where the Longeſt day 1s 24 hours 


long) there ſhould be placed 24 Climates ; and this is the: Certam diſtinAion of Cl; wy 


mates : There 15 another diſtinion which they call Uncertam, which is between 
the Polar Circle and the Pele nt elf : 1t is termed: improper, becauſe in thoſe Climates 
the Day 1s not increaſed by half Hours, as in the former, but firſt by whole Days, 
then by Weeks, and laſt of all by wile Months; inſomuch that under the Pole it 
{elf they have /ix Months perpetual Day, and ſo long again a perpetual Night: 
But Climates are Spaces Pardllel to the Equine#ial, containing three Parallels, the Mzid- 
dlemoſt dividing the ſame into two Parts : The Latitude of each Climate from its 
Southern to its Northern Limit 15 of that extent, that the Longeſt day increaſes half an 
Hour. : 

The Climates are Denominated from the Chief Cities or Places, by, or through which 
they paſs ; as the Fiſt by Meroe ; the Second by Alexandria, the Third by Rhodas 
and Babylon, the Fourth by Rome, Corſice, and the Helleſpont, the Fifth by Venice, the 
Sixth by Podolia, the Seventh by Witeberg, the Eighth by Roftoch, the Ninth by Ireland, 
the Tenth by Bobuſe in Norway, the Eleventh by Gothland, the Twelfth by Wyburgh 
' in Finlend, the Thirteenth by Arotia in Sweden, the Fourteenth by the Mouth or Out- 
let of the River Dgrecally in Sweden ; and the reſt by other Places of Norway, Sweden, 
Alba, Ruſſia, and the adjacent 1/lands. 

Theſe are the Northern Climates ; the Southern are diſtinguiſhed by the Title of Anti, 
as Anti-Meroes, Anti-Alexandrias, &c. 1n regard of their Oppoſite Poſition to the 
Northern Climates. | 

But for the better underſtanding of the Climates, and what appertains to them, ſee 
the following Table, which 15 divided into Five Columns : theFirſt ſhews the Number 
of the Parallels, the Second of the Climates, the Third the Longe/# day in each Pa- 
rallel, the Fourth the Latitude, or Elevation of the Pole of the reſpective Regions 
th:ough which chey paſs, the Fifth the Amplitude of the Cl:mates. 
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3. Of Parallels. 7 


A Parallel is a Space upon the Terreſtrial Globe, wherein the increaſe of the Longeſt 
Day 15 a quarter of an Hour. 

Concerning theſe Parallel; little can be ſaid more than hath been ſaid concerning 
Climates; only we muſt conſider that a Parallel may be taken in two ſenſes, viz. 
1. Either as a Line or Circle, as defined in the Deſcription of the Circles of the Sphere, 
void of any breadth : Or, 2. As a Space of the Earth intercepted between two Circles 
Parallel to che Equinoial Circle, and inthis ſenſe it is here:to-be underſtood. 

Now theſe Parallels are denominated from the increaſe of the Longeſt Day by a quar- 
ter of an Hour, as the Climate was by the increaſe thereof by half an Howr, yet theſe 
Parallels do no where divide the Chmates into two Equal parts. For in the Climates 
we are to conſider ewo things, 1. Their Latitude from North to: South ; Or, 2. Their 
Longitude from Eaft to Weſt. In reſpe of the former we cannot call the Parallel half 
the Climate, becauſe the three Lines of which the Climate conliſts (namely the mid- 
dle and the two extremes) are not in any caſe of an equal diſtance: but if we conſider 
the extent of the Circumference, as it ſtretcheth it ſelf berween Ez/# and Weſt, we muſt 
needs acknowledg much more; as that of two Parallels dividing the ſame Climate be- 
tween them : that that 15 manifeſtly the greateſt which 1s next the Equine&ial, and that 
the leaſt which is neareſt the Pole; becauſe the Circles which comprehend their Pa- 
rallel Space continually decreaſe towards the Pole. So that if we imagin two Men 
to Travet round about the Earth, the one in a Parallel nearer the «£quator, and the 
other in a Parallel nearer the Pole, in the ſame Space of time, it muſt needs follow, 


that he ſhould go far faſter which 15 neareſt the e£quazor, than the other neareſt the Pole. 
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Of the diverfities of Days and Nights, and of the various Seaſons and Shadows 
Incident to the ſeveral Inhabitants of che Earth, 


1. Of chem who are right under the Equinactial Circle. 


T- is to be obſerved that they whoſe Zenith is in the Equine#ial Crrele, have in one 
Year two Summers, which are extreme Hot , 1n regard the Sun twice paſſeth di- 
re&ly over their Heads, which.is when he is in the beginning of Aries or Libra,and have 
likewiſe ewo Wmters, which cometh to paſs when the Sw: is in the firſt point of Can- 
cer or Capricorn ; for then the Sun 15 fartheſt diſtant from them, ( notwithſtanding their 
Winters are very Warm, and not comparable in Cold to ours;) fo that it appears that 
our two Seaſons of Spring and Autuwn, are to them two Summers, and our two Seq- 
ſons of Winter and Summer, are to them two Winters, Moreover, they have Four fun- 
dry Shadows, for when the Sun is 1n either of the Equino&1ial Pomts , then in the 
Morning they caſt their Shadow towards the Welt; in the Afternoon they caſt it to- 
wards the Ezſt ; but at Neon their Shadow 15 Perpendicular or right down. Alſo when 
the Sus is in the Northers Signs, then they caſt their Shadows towards the Soxth, and 
when he is in the Sowtbern, they caſt them towards the North. Nevertheleſs, their 
Day is always 12 Hours without variation, becauſe they dwell in a Right Sphere. Fi- 
nally, they ſee all the Srars towards the Sourh Pole, and about the fame, which are 
unknown to us, yea they may ſee both the Poles at one inſtant, and therefore may be- 
hold all the Stars in the Firmanent to Riſe and Set, as by the Globe or Sphere may ap- 
pear : therefore Lucan ſaith, | 


Tunc furor extremos movit Romanus Horeſt as 
Carmendfque duces, quorum jam flexus in Auſtrum 
e/Ether non totam, mergi tamen aſpicit Artion, 
Lucet & exigua welox ubi note Bootes, 


But in our fituation theſe Srars never Ser ; therefore Virgil, 


Hic Vertex nobus ſemper ſublimis, at illum 
Sub pedibus ſtyx atra videt, maneſque profundi. 


And L«can in another place : 
| Axis in Occiduus gemina clariſſimmus Aro. 


2. Of them who dwell between the EquinoQtial and Tropick of Cancer: 


Thoſe whoſe Fenith-is between the Equino&#ial and Tropick of Cancer, have the Su 
paſling by their Zenith twice in one Year, which may thus appear : let there be imagi- 
ned a Parelel Circle to the Equinodial, appr, baud their Zenith ; this Circle will cut the 
Zodiac in two places equally diſtant from the beginning of Cancer : therefore the Sw 
being in theſe two' Points, paſleth by their Zenith; fo that they have two Summers, and 
two Winters, and four Shadows, as they have under the Equinotial. Some lay Arabia 
is fituate under this Clime; whereupon Lacan ſpeaking of the 4rebians coming to 
Rome to help Pompey, 


Ipnatum vobis Arabes weniltis in orbem, 
Umbres mirati nemorum non ire (iniſt ras. 


Becauſe,that in their own Country, their Shadows were ſometimes on the Right Hand, 
ſometimes on the Lefr, ſometimes Perpendicular, ſometimes towards the Eaf, and 
fometimes towards the Weſt : but when they come to Rome, which is on this fide the 
Tropick of Cancer, then they had always their Shadows at Noon tide toward the North. 


3. Of thoſe- who live right under the Tropick sf Cancer. 


Thoſe People, whoſe Zenith 15 in the Tropick of Cancer, have the Sun but once 1n 
the Near in their Zenith, which cometh to paſs when he is in the firſt Point of the 
Dotecatemory, Cancer (the Sun being then 1n his Solſtice, ) for their Shadow at Sun 
R:/ing tendeth towards the Veſt ; at. Night when the Sun goeth down, 1t tendeth to- 


wards the Eaſt ; but at Noon it 15 Perpendicular, inclining on neither fide, but — 
| righc 
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| ripht down : and under this Climate is the City of Syene fitcared, fo that Lucgy 
ſpeaking of the Zones, : 

| - Calida medius mibi COgmitus AXS 

| eAFgypto atque umbras nuſquam flectente Syene. 


4. Of thoſe who awell between the Tropick of Cancer, and the Circle Arauck. 


| Thole People whole Zenith 15 between the Tropick of Cancer, and the Circle Ar&ick, 
1 have che Smn never Vertical over their Heads, becauſe he is'no ſooner attained to his 
oreateſt Altitude, but immcdately he returneth again Seuthward, and their Shadow 
at Noon always tends toward the Norih; and in this Parallel are we ſituated, and the 
greateſt part of the inhabitable I/orld; yer it 3s to be noted thar Erbiopia, or: ſome 
part thereof,. 15 1n the Tropick of Cancer, according to Lucas in his third Book, -- 


| eAthiopumque ſolum quod non premeretur ab ulla 
| Signifert regione poli, "1 poplite lapſo 
| Ultima curvati procederit ungula T aurj. 


5. Of theſe that live right under the Circle Ar&ick. 


They that have their Zenith m the Circle Ar#ick, have alſo, atall times of the Year, 
] the Zenith to be the Pole of the Zodiack, and have the Zodiack or Fcliptick Line for 
1 their Horizon; ſo that the one half in an infant riſeth aboye che Horezon, and the 
other part in the ſame inſtant goeth down, therefore Alfranganus well obſerves : 
Quod ibi occidunt repemte ſex ſigna, & reliqua ſex oriantur cum toto Aquinofiali, And 
ſeeing that the Eclyprick is their Horizon, the Tropick of -Caxcer muſt be all above the 
Horizon, and the Tropick of Capricorn all under the Horizon : ſo that the Sun being inthe 
firſt Point of Cancer, their —_ Day is uſt 2.4 Howrs, and their Night buta moment . 
for in an inſtant the Sw" paſſerh chat Horizon, and forthwith begins to aſcend from the 


| Nob Point towards the Eft : ſo contrariwife it is to them, when the Sus 15in the firſt 
} Point of Capricorn, for then their Night is 24 Hours, and their Day bur a moment. 


6. Of thoſe that dwell between the Cucle Arftick, and the Pole of the World: 


Thoſe People that inhabit between the Circle Arf#ick and the Pole Arch, have 
1 their Horizoy cutting the Zodiack in two Points, equally diſtant from-che be inning 
1 of Cancer, and by the revolution of the Firmement, it happegeth that Xn RI 
1 of the Zodiack intercepted , remains always above the Horizon : whereby it 
appears, that when the Sun 1s in this part of the Zodiack, they have cantinual Day, 
and no Nybr, their Day is a Month long, without a Night. If the ſaid: Portion con- 
1 tains rwo Signs, then their Day is rwo Months long, and fo the farther Norch: che longer 
1 Dyp, till you come under the Pole Ar#ick, where it is ſix Months long. Allo to them 

it doth ſo fall out, that the Portion of the Zadiack, intercepted of thoſe two Pornes, 

equidiſtant from the beginning of Capricorn, is always remaining under the Horizon ; 
| fo that when the Sun 15 1n this Potttion 1ntercepred, the Night 15 ſhore or long, accor- 
3} ding to the quantity of the intercepted Portion; but the other Signs which Riſe and 
1 Setothem, (Hi and Ser prepoſterouſly or backward, as when Tauras Riſeth before 
Aries, Aries betore Piſces, Piſces before Aquarius, &c. Nevertheleſs the Signs oppo- 
fite to theſe Riſe in right Order, and Ser prepoſteroully : as, Scorpio before Libre ; 
Libra before Virgo; and yet norwithſtanding the Sigws oppoſite to theſe Sg dire&!y, 
to wit, thole which did Riſe prepoſterouſly, or backward, as Taurzs, Aries, Piſces, &c. 


7. Of thoſe that dwell right under the Pole Ardtick, 


| Thoſe People (if there be any) have the Pole for their Zenith, and the Equine&ial 
| for their Horizonz wherefore ſecing that the Equine@ial divideth the Zodiack exactly 
into ewo equal parts, it 15 thereby manifeſt, that fix Signs (which is the one half of the 
Zodiack) is always above the Horizon, and that {1x Signs (which is the other half of che 
Zodiack) is always under their Horizon; fo that when the Sur runneth through the half, 
which is from che beginning of Aries to the end of Virgo, it is continual Day, with- 
out Night ; and when the Sw» cunneth through the other half, which is from the begin- 
ning of Librato the end of Piſces, 1t 15 continual Night, without; but yer it cannot 
1 be fl dark there, as elſewhere, by reaſon the Sus is never depreſſed under their Ho- 
1 rizon above 23 degrees, and 31 minutes; which is, when he enters Cepricors, where- 
35 fore the one half of their Near 15 their Artificial Day, and the other half of their Year 
6 their Artificial Night ; trom whence it 15, that _ whole Tear 15 but a Natural _ 
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but yet it 15 as long as 365 Days of ours: and albeit that the Swn is half a Year together 
above their Horiz.on, yet he 1s never elevated above 23 deg. 31 min. whereby the D; | 
15 114tolerable Cold ar all times of the Year; and the Air is Grofs, Cold, and Cloud, 
by reaſon that the Beams ot the Sn are there but weak, and not able to exhauſt and 


conſume the gre/e Vapours which there abound. 


SECT Xl 


Of the various Noon Shadows, that the ſeveral Inhatitants of the Earth 
have, in reſpeft of their Poſition in Zone and Latitude. 

i & E Inhabitants of a Place, in reſpet of the Shadows, are either Amphiſcii 

Heteroſcii, or Perifcii. | ; 


I. Of the Amphiſcii. 


Amphiſcii is a Greek Word, and ſignifies People of @ double Shadow, and ſuch are they 
that inhabit between the © £quator and the Tropicks, and whoſe Latitade exceedeth not 
23 deg. anda halt. Fheſe Men have the Sun twice every Near 1n their Zenith, and 
then they make no Nun Shadow at all ; but when the Sun paſſeth from their Vertical 
Point towards the Northern Signs, then at Noon ut will caſt the Shadow towards the 
South Coaff, but contfariwiſe coming from the Zenith, towards the Southern Signs, the 
Shadow will be caſt towards the North. 


II. Of the Heteroſcii. | 


Heteroſcii alſo is a Greek Word; and fignifies People that have their Shadow 
caſt but one way. Theſe Nations inhabic in a Temperate Zone, betwixt the Tropicks 
and Polar Circles, whoſe Latitude 15 never leſs than 23 deg. 30 mi. and never ex- 
ceedeth 66 deg. 30 mim. So that thoſe that dwell in this Zoe, on the North /ide, have 
their Noon Shadow caft towards the North, and thoſe on the South ſide of the Equi- 
nottial towards the South. | 


II. Of the Periſcii. 


Periſcii alſo is a Greek Word, and ſignifies Men that have their Shadow: "caſt round 
about them, Such 1s their Habitation who are included in the Frigid Zone, circum- 
ſcribed berween the Polar Circles, and the Poles of the World, whole Latitude is ne- 
ver lefs than 66 deg. '30 min. but extendeth thoſe degrees of Latirude,. even to go dep. 
where the Pole is 1n the Zenith; here the Sun never cometh to be over their Heads 
but moveth about them on one {ide or other, and fo cauſeth their Shadows to doe the 
like. Of theſe Periſci: there are two forts, the one comprehended between the Arfick 
Circle and the North Pole, the other between the Antariick Circle and the South Pole : 
of both which we have as yet lutle Diſcovery. 


SECT, XI 


Of the Poſition of the Inhabitants of the Earth, compared one with another. 


'HE Inhabitants of the Earth, compared one with another, in reſpe& of thews © 
Poſition, are Perizci, Amizci, and Antipodes. | 


IL Of the Periceci. 


The Word Perizci, in the Greek, ſignifies ſuch People that dwell in two oppokte 
Points of the ſame Paralle! ; the one (in reſpe& of the other) being Eaſtward, and 
the other Weſtward, and being diſtant one from the other 180 deg. or a Semicircle, - 
but not of the Equino&#ial, or any other Greas Circle, but of ſuch a Circle as they are 
placed in, which Circles are greater or leſſer, as they are nearer, or farther diſtant 
from the Poles. | 


Il. Of the Anticeci. 


| The Antizci (as the name imports) are ſich as dwell one againſt another, having one 
and the ſelf-fame Meridian, and an equa] diſtance or Laritude from the e/£quator, one ; 
being {cated in the Northern, the other in the Southern Hemiſphere. | 
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II. Of the Antipodes. 


Antipodes ( as the Word ſignifies) are ſuch as dwell Frer to Feet one to another. 
But Amtipodes are ſuch People as inhabit under one and the ſame Meridian, but un- 
der ewo Paralleh;, both equid;tant from the e/£quaror, and in two oppoſite Points of 
| thoſe Parallels alſo : fo that a Right Line being drawn from one to the other, will 


paſs by the Centre of the Earth, whence they are exactly diſtant the one from the 
other 180 deg. of a Great Circle. | 


Corollary. 


Thoſe which are to us Perizci, are the Antizci to our Antipodes, Our Amieci are 
the Perizci to our Antipodes, And our Perieci are the Antipodes to our Antizcs. 


SECT. XIV. 


How the Periceci, Antiaci, aud Antipodes are diverfly diſtinguiſhed, 
in reſpett of the Celeſtial "aw , 


I. Of the Periceci. 


TH E Properties of the Perizci,. in refpe&t of Czleftial Appearances, are chiefly 
| Foar. 


1. They have the ſame Elevation of the Pole, and therefore the ſame Temper of 
s the 7ear, and the ſame length of Days and Nighbrs. 
2. They dwell Eft and Wef of each other. | 
3- They have contrary times of Day and Night; for when one hath his Noon, 
the _ injoys his 24d-Night, and when with the one the Sun R:/eth, with the other 
it Setteth. | : 


4 They have the ſame Zone, Climate, and Parallel, but differ in Longitude 180 deg. 
IL. Of the Anticeci. 
The Properties of the Amtizci are Five. 


1. They inhabit the like Zones, but in different _—_ 


2. They have the fame Elevation of the Pole, but of the contrary Kind, the one 
beholds the North, the other the South, equally Elevated. 


3. They have Noon ind Mid-Nigbt juſt at the ſame times. 

4. They enjoy the ſame Temper of the Heavens. 
| 5. They have the Seaſons of the Year contrary ; For when the Southern Antiaci 
have their Summer, the Northern have their F/mter, and the contrary. ! 


#7 II Of the Antipodes. 


To the Antipodes arc allowed Three Properties. 
{+ - - x. They have the ſame Elevation of the Pole, but not of the ſame Pole. 
| 2. They have the ſame Temper of the Year, and the ſame quantity of Days, but 

diverſly oppotite to each other. | 

3- They have all the other Accidents contrary ; for when one hath Nighr, the other 
hath Day ; when one Winter, the other Summer ; when one Auturmm, the other Spring. 
They on the North fide ſee not thofe Stars towards the Sourb Pole, nor thoſe on the 
South {ide thoſe about the North Pole. Thoſe Stars which never Riſe to the Northers, 
are always above the Horizon to the Southern ; with divers the like Accidents. 


SECT 
Of Years, Months, Days, &c. 


| I of YEARS. 


YEAR is that principal and ordinary part of Time, w y the Bepjurtings, 
Progreſs, Duration, and Intervals of all manner of A#ions in the World are ac- 
| counted ; and is thus defined. Annus eff Rewolutio periodica, &c. It is a Periodical 
. Revolution, or a Great Circle of Months and Days, in which the Four Seaſons, Spring, 


* Summer, Autumn, and Winter, are, after one Reyolution of the Sws, ordained to re- 
turn in their Courſes, Ppp > 
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By the Latins it 1s called Annus, from Annulus a Ring, for that a Metion in a Ring 
finiſhed, beginneth again without end, wherefore Yirgs/, & 


Atque in ſe ſua per veſtigia volvitur Annus. | 


Or it may be Annes, from Anguzs a Snake,for that the Egyprians,before they had the 
Uſe of Letters, repreſented it by a Serpent or Snake, biting her own Tail. Or, (as 
fome) Annus, ab Innovatione; becauſe the Virtues and Strength of all Vegetables are 


renewed and paſſed over by the Courſe of Time. : 


A 


The Year is twofold, Solar and Lanar : the Solar Year 15 that ſpace of Time, wherein 
the Sur departing from ſome certain Point in the Heavens returns to the ſame again. 


This Solar Year 15 allo of two Kinds, | 
Natural and Siderial. 


The Natural Year (called of the Greeks Tmnis, 2 7phmy, quaſi wertus) contains that 
Space of Time in which the Sn is going from ſome certain and determinate Point 
of the Zodiack, to his return to the ſame Point again ; which Interval, or Space of 
Time, contains 365 Days, 5 Howrs, 49 Minutes, and 4 Seconds. | 

The Siderial Year (which the Greeks call «52eameuds) 15 the Space of Time in which 
the Sun returneth to the ſame Fixed Srar, from whence bee laft departed in the for- 


mer Near. . 
The Lunar Year 1s of two Kinds alſo, viz. 
Annus Communis, and Annus Embaliſmals. "The Annus Communis, contains 12 S$y- 


nodical Lunations, or 354 Days. 
The Annus Embaliſmalis, is the Space of 13 Moons or Lunations, &C. 
The Political or Civil Nears, 1s that wherein the People (in all places) uſe to di- 
ſtinguiſh their Times and Seaſons 3 which Year 1s threefold, as having reſpe& either to 
the Motion of 
I. The Sun only. 
2. The Moon only. 
3. The Sun and Moor joyntly. | 
The Egyptians making the Periodical Motion of the Sun the Meaſure of Time , do 
conſtitute their Year to be 360 Days exactly ; every Year having in it 12 Months, and 
every Memh 30 Days, and to make up the former Number of 365 Days, they add 
$5 Intercalate Days at the end of their Near. And ſuch Years the Ancient Hebrews ob- 
ſerved before the Alexandrian era, yet fo, as that they intercalated one whole 
Month of 3o Days 1n every 120 Years. 
The Roman Year is greater than that of the Egyptians, and Ancient Per/;aws: for 

according to the Conſtitution of Julius Ceſar, they make it 365 Days, and 6 fly 
which 6 Hours every fourth Year,make the Biſſextile or Leap-Year, to contain 366 Doys, 
whereas the other three Nears contain orfly 365 This Year is retained, and gene- 
rally uſed by the Syrians, Syrogrecians, «Ethiopians, Muſcovites, and Britains. 

The Arebians, Turks, and Indians, having reſpe& to the Moon from their Year of 
12 Synodical Lunations : But the ancient Hebrews have reſpe& to both Laminaries ; and 
_ although the Atticks and Greeks chiefly deſcribe and limit the Tear by the Motion of 
the Moen, making it to conſiſt -of 12 Lunary Months; yet they perceiving the Revo- 
lution of the Sun not to agree with the Lunar Near, they intercalate a whole Month ; 
ſometimes the third Tear, ſometimes the ſecond Near, according to the Calippick 

Periods, &C. 
© The Siderial Near is greater in quantity than the Tropical Year; for, as that con- 
tains the Space of Time that the Sun is going from one Point of the Zodiack, and 
continues till his return to the ſame again ; ſo this Siderial Near (4 Sidere diftus ) 
is the return of the Sun to the ſame Fixed Star, with whom he was conjoyned ir 
= oy laſt paſt (as was ſaid before) and containeth 365 Days, 6 Hours, 49 Minutes, 
4 weconals, | | 

The Egyprians begin the Year from the Meridian of the firſt Day of the Month 

| Toth, which (according to their Calendar-Account) 15s fixed neither to the Equinoxes 

nor Solſtices, but wandereth throughout all the Months of our Year ; which arifeth 
through the omiflion of the 6 odd Hours compured 1n our Calendar , of which 1s made 
the B:{/extile or Leap-Year. 

The Romans, from the Ordination of Romulus, did at firſt place the beginning of 
the Near about the Vernal Equinox in the Month March ; but afterwards, they began 1t 
at the Solſtice, according to the conſtitution and appointment of Numa, approved of 
by 7«/s Ceſar. S0 Ovid, | Brumg 
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Bruma cinni prima eff, weteriſque noviſſima Solis, 
P rinc:pums capmmt Phubus Fox Annus idem. | 

Bur foralmuch as the Hybernal Solſtice in the Reformed Calenday difters g days, and 
in the O/d Calendar 19 days trom the firſt day of the firſt Month Fane; therefare 
the K-an Year , as 1t is at this day eſtabliſhed, agrees not with its firſt Ordanarin 

The Moſcovites begin their year at the beginning of September ; but in the "WAKE of 
their donthbs and Feſtiwa!s . they differ not much from the Fultan Account. 

The Venerians begin their year from the firſt of March: others from the 25 of De- 
cember, being the Day of the Nativity of our Saviour ; But we (and moſt others) ac- 
count our year to begin the firſt of Zaruary, and fo do all Aſtronomers, 

The Syrians and S)rogrecians account the beginning of their Yer from the firſt of 
Ofober, according to the Fulian Account, which is after the Autumnal eEquimox. 

The Coptites, Ethioprans, and Alexandrians, begin their Near before the  Autumnal 


e/£quinox,upon the 4 Cal. of September, which is on the 29th, of Auguſt, according to 


the Old A\-ount 1n the irretormed Calendar. 


The Atiicks begin their Year at the Summer Solſtice, or from the New Moon next 
unto the fame. 


The Hebrews have a double beginning of their 7*ar. The Eccleſiaſtical Year they 


| begin from tne New Aoon, next to the Vernal —£quinox ; and the C:wil Near from the 


New Moon next to the Autumnal e/Equinox., Theretore in things Politick, the Year 
of the Jews is deduced from the Month Tifr:; but in Eccleſiaſtical things, from the 
Month N:/an. 


II. Of Moaths. 


| F H E Months by which the Years are meaſured, are twofold, viz. 


Aſtronomical and Political. 
The Afronomical Months, (which are called Natural,) have relation tothe Motion of 
the ewo Luminaries; and they are either Solar or Lunar. 
| The Solar Monibs are 12 in number, which principally reſpe& the ingreſs of the 
Sun into the Dodecatemories of the Zodiac. -— : 
The Lunar Monbs, which are referred to the Motion of the 24902 are threefold VIE 


1. Periodical. 2. Synodical. 3. Tlumination, 


The Periodical Month is that interval of time, in which the Aon returneth to the 
ſame place in the Zod:ack trom whence ſhe departed. 

The Synodzcal 15 the interval or ſpace from and Conjunfion of the Sun and Mon, to 
the nexc tollowing. : 

The Month of Illumination, or Appearance, contains the time from the firſt day of 
the Moon's appearing after the Change, to the laſt Day of her V;/b:lity, before her next 
Symod, which may be Greater or Leſſer, according to her Motion, Declination, and her 
Right or Oblique Aſcending or Deſcending the Horizon. | 

The Months Polnick, Cruil,or Uſual, are thole whereby every Nation diſtribute their 


Year. | 
The Egyptian Months ere theſe, 
1 Thoth. 5 Thbi. 9 Pachon. 
2 Phophy. 6 Mechir. to Payni. 
3 Athyr. 7 Phamemith. 11 Epephy. 
4 Cheac. 8 Pharmuthi. 12 Moſori. 


Every Month whereof contains 30 days, to which to make up their Tear of 365 days, 
they add at the end of the Tear 5 Intercalarian days. 


The Perſian Months are, 


1 Pharavardmn. 5 Mardad, g Adar. 

2 Adarpabaſcht. 6 Echeberiz. Io Di. 

3 Cardad. 7 Mehar. IT Bebemen. 
4 Thir. 8 Aban. 12 Alphander. 


Every of theſe Months have 30 days, to which in the Common Tear, they add 
and 6 in the Leap Tear, which they call Mu{eracs. , they add 5 days, 


Ppp 3 The 


"AR _ 


—_ 
Peeters HAR FUN aO 1 


—  — 


nt py Re A 


a « 207. + v as {un 
_— dd bb DOI eto ee nent cr wo rn —— 90 —_— 


<> 
_ AO 9-5 
= 0 yt. 


—_—_—. 


CursSUS MatraergnATiCus. Book ITY. 


The Turkiſh Months are, 


| Days. 

1 Mabarram. 30 8 Gahbabeu, 29 
2 Sephar. | 29 9 Ramadhas. Fe 
3 Ravie |. 30 io Scheval, 29 
4 Rabie ll. 29 I1 Dxu/kadati. __ 
5 Guimad, I. 39 * Dulhagati. C 

G6 Guimaadl II. 29 * 2 Dulbitſche. 30 
7 Repeb. | JO In Ann. Abundant 155 


The Uſaal Momth is a Number of Days, according as they are placed in our Cz. 
Jendar : But at firſt Romulus, Builder of Rowe, and the firſt King thereof, diſtingu,- 
ſhed the Year into Ten Months, as Ovid hath it, 


Tempora digereret cum conditor Urbis in Anno 
Conſtiutur Menſes Luinque bu eſſe ſuo, 


Wherein they included 304 Days: 
The Firſt-of which was March, which Romulins ſo named, & Marte, from the God 
| Mars; or, for that he woul have the Roman Nation Warlike. 
The Second April. ab Aperiendo, becauſe then the Pores of the Earth are opened ; 
or ab «og%, unde EpeiTa Venus nomen habet, Nd Tw ut Ts apgs jew, quoniam ex [puma 
Maris nata fuiſſe fingitur. 
The Third May, a Majoribrs, or a Majo, 1.6. Fupiter ; or 4 MadefaFione, becauſe 
of the Wet or Moiſture then cauſed by the Pleiades and Hyades. 
The Fourth Fune, 4 Funioriburs, or from Fwno the Wife of Tupiter. 
The other Months were called Quntils; Sextilx ; September ; Ottober ; November ; 
December ; to wit, Quintilzs as being 5 Months from March ; Sextils, becauſe Six Months 
diſtant ; September, becauſe 75 Months diſtant, &c. and as appears by that of Ovid, 


Martis erat primus Menſis, Veneriſq Secundus ; 
_ - Hac generis princeps, 1pſizrs ille pater -: 
Tertins a Senibus, fuvenum de nomine Quartus, 
Que ſequitur numero turba notata fuit, 


Numa Pompilius, Second King of the Romens, ſeeing the Year of his Predeceſſor 
Romulas to be too concile, added two Months more; namely, January and February ; 


whence Ovid, 


At Numa nec Janam nec avitas praterit umbras, 
Menſibus antiques addidit ille duos, 


Fanuary ſeems to take its Name, either from Janna a Gate or Entrance, becauſe 
through Fanuary there is made an entrance 1nto the Year, as there 15 through a Gate 
into a Houſe, Or from Fans having two Faces, the one looking to the year paſt, and 
the other to that to come. - 

February comes 4 Februo, that is Sacrifico ; becauſe then the Romans uſed to Sacri- 
fee to Pluto? and other Infernal Gods, for the Souls of their Anceſtors. 

Afterwards Julius Car, the firſt Monarch of the Romans, (being inſtructed by the 
beſt Mathematicians then living in Alexandri, ) found that the true Solar year, yet wan- 
ted of its completion 10 days and about a quarter ; ſo that by the advice of So/igenes, 
(an excellent Mathematician,) after he had conquered Pompey, ( being called our of 
Egypt to Rome,) he added theſe Ten days; and fo made the Months to contain ſome 
30, ſome 31 days apiece, which was afterwards a l:tle altered by Auguſtus Ceſar ; 
and the Months Dumils and Sextilis, in honour of their Names, were atcerwards cal- 
led Fuly and Augn{f. Hence the Civil Rowan Months, are numbered in this manner, 


1 Fanuary 21 © s May 31 g September 39 
2 February . 25 6 Fune 30 109 October 31 
3 March 31 7 Fuly 31 11 November 30 
4 April 30 8 Auguſt 31 12 December 31 


Which Numbers, for the help of Memory, are comprehended in theſe Verles, 
April ter denos, June, Septemberq; November ; 
Uno fro reliqui, Viginti Februus Octo: | 
At ſe Billextus fuerit, ſuperadduxur Unus. 7 
bas 
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Thus Engliſhed, 


Thirty Days hath Seprember, 

April, Fune, and November, © 

And all the reſt have Thirty and One, 
Excepting February alone : 

Which unto Twenty E:ght days we confine, 
But in th' Biſextile year *thath ewenty nine. 


Ill. Of DAYS. 


s tr Natural Day contains the Time of an integral Revolution of the Earth about 
the Sun, which comprehendeth Day and Njghbr. 

The driificial Day 1s the whole interval of Time from the Sun's Riſing to his Ser- 
ting: And the Artificial Night is the time comprehended between the time of the 
Sun's Setting 1n the Evening, till its appearing the next Morning. 

The Caldeans and Ancient Hebrews began their Day at the Ri/ing of the Sun, and en- 
ded it again ar his next Rz/ing. | 

The Romans begin it at Midnight, and end it the next Midnight after. 

The Egyptians begin their Day at Noon, and end it the Noon Coming And accor- 
ding to this Account do all Afronomers frame their Computations. 

The iralians begin their Day at Sun Setting, and end it the next Sun Setting. 

The Babylonians begin their Day at Sun Riſing, and end it at Sun Setting, and their 
Night from Sun Setting till its next Riſing. | 

he Jews begin their Day at the time of Sun Riſmg, and end it at Sun Setting ; 
and they begin theif Night at Sun Setting, and end it at the next Sun Riſing : But in 
the diviſion of their Hours they differ from all others ; for the Hours, as well of the 
Day Natural as Artificial, are always equal, and every hour 1s the exact 24th part of 
the Natural Day : Bur theſe divide the Time between Sun Riſing and Sun Serting into 
12 equal Parts, and the Night, from Sun Setting to the Sun's Rifmg again, they divide 
alſo into 12 equal Parts ; ſo that the Howrs of their Day and of their Njghe, are never 
equal one to the other, nor to thoſe of other Countries ; but when the Sx is in the 
Equinofial, about the 10 or 11 of March, andthe 11 or 12 of September : For all [n- 
habitants on the North ſide of the Equino&ial, have their Days longer than their Neg bes 
from the 10th of March, till the 12h of September, and all on the South Side of the 
Equinoial, have their Days longer than their Nights, from. the 12th of September till 
the 10th of March, notwithſtanding, the whole Natural Day 1s equally divided into 
24 Parts, each Part being an Hour, whether of the _—_— Day or Night ; But the 
Fewiſh account of Hours differs from all theſe ; for, on the North Side of the Equine- 
&#ial, from the 10th of March to the 12th of Seprember, the Howrs of their Day are 
longer than the Hours of their Night : And all the time between the 12h of Seprem- 
ber, and the 10th of March, the Hours of their Night, are omg. than thoſe of their 
Day : And our 12 at Noor, or Mid-day, is their 6:6 Hour of the Day, and our 12 ar 
Mid-night, 1s their 6th Hour of their Night : So that when our Artificial Day is 15 
hours between Sun Riſing and Sun Setting, then doth the Fewiſh Days Hour contain 
one hour and 4 quarter of our hour in length; and their Night-bowr but three quarters of 
an hour : Alſo when our Artificial Day is but 9 howrs long (as about the 27:h of 2 
nuery) then is their Day-bour but 45 min. or 3 quarters of our hour long, and their 
Night-bour is 1 hour and 15 min. long: And fo they vary all the year, and are never 
equal with our Howrs (or the reſt of the World,) but when the Swn 15 1n the Equine 
. Gaal. 

And from hence it is obſervable, that thoſe People that Inhabit under the Equz- 
no#ial, have their Days and Nights all the year long of an equal Length, wiz. 12 
bours ; But thoſe that hve either cowards the North or South Poles, have both longer and 
ſhorter Days, according to the Ob/iquity of their Sphere : Of this ſee more in this Book 
in the Treatiſe of the Sphere or Globe. 
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SECT. xvi 
Of Aris and Epochis. 


Oncerning theſe «Aris and Epochis, and account of Twmes, as Zears, &c. the 

Learned Gregory, 1n his Poſt bumons Works, hath a particular Treatiſe, in which 

he thath Learnedly diſcourſed of theſe matters, and trom him and others, my much 

Honoured Friend, and Induſtrious Mathematician, Sir George harton Baronet, hath 
done the like ; from both which I have collected as followerh :; 

| I. Of Aris and Epochis. 

Epoch is derived from the Verb #mi29%» which {1gnifieth to ſtop or ſtay, whereby 
that which continually moveth is reſtrained and hxed, that fo trom thence the Re- 
»aims may be meaſured; And as the Czle#tial Bodres are circumagitated by Motions,and 
that Time is the meaſure of Motion, they muſt neceſſarily require ſome determinate 
Time whence to be numbered, as well in Precedentia, as in Subſequentia. 

Now, as there is a certain place of Heaven, from which theſe Czlefial Motions are 
counted, fo likewiſe in Time there muſt be ſome one Remarkable Set, from whence 
the Tears, Menths, and Days ( both before and after the ſame) are to be reckoned. 

This Epoch is vulgarly called Radix, from whence that which remains 1s ſupputa- 
tcd or reckoned, as from a Foundation or Term. 

Ie is alſo named the ra, which in its Original was not one Word, but ſeveral, 
which the Spaniards confuſedly joyned in one, and fo at length it was received by the 
Latins ; For whereas the Sole delation of the Empire on | Auguſtus Ceſar became of 
happy conſequence to the Spaniards, they in honour of him o provided, that the 
Great-and Noble Actions of their Princes and People ſhould be reckoned from Au- 
guſtus Ceſar ; For Example mm this manner. 4 
Atﬀa ſant bac Toleti, Calendis Marti, A. E, R. A. Cal. CCI. 

But in proceſs of time, (for want of interpretation, or negligence, or ignorance 
of the Regiſters, or Publick Notaries, omitting the Points between the Letters) it was 
confuſedly written as one Word; the firſt Syllable whereof was the Diphthong 4 E. 

It is likewiſe by Antonizs Nebriſſa, in his Spaniſh Di&tionary, called (but very cor- 
ruptly) Hera, to {ignifie a Monarchy. So Hera Mundi: Hera Chriſti : Hera Ordinatio- 
ns Julianz, &c. and generally any other Time computed from the riſe or beginning 
of any Nation, Religion, Sett, &c. 

Now the chief ule and benefit, which redounds to Hiſtorians and Chronologers from 
theſe «Aris or Epocbis, is, that the Times paſt may be thereunto compared and ap- 
plied, as to a Time prefixed : In order whereunto, the Reader 1s here accommodated 
with the moſt Illuſtrious Epochz obſerved at this day, when they Commence, how th 
agree, and may be. reduced to that of our Saviour (the moſt Famous of all among 
Chriſtians, for limiting and determining their Aﬀairs,) for that ſuch as be rightly in- 
ſtructed in the Prinapal Intervals of Years, do beſt underſtand the differences of 
Times, Which are various, and reap far greater Profit in the Hifories they read. 


A View of the more Notable EP OCH#. 


” 


| Ann; 
| 4. EFOCHE, Period. Months: 
+ HD | | Tulieni. 1 , 

The Fuhan Period, "ta. | I 3 fanuary I 
{The Worlds Creation: 765 anuary I 
. The e£ra of the Olympiad. | 3938 | July © 8 

{The Epoche of, Rome's Foundation. | 396t | April 21 
TThe Epocha of Nabonnaſfar. 3967 February 26 
[The Epochs of Alexander Mag. | 4399 | November 12 

The e£ra of the Chaldees. | 4463 | October 'S) 

The e/£ra of the Fulian Ordina. 4665 | January q 

TheeAraof, CHRIST. 4713 | Calend. Fan. | 

EPOCHE#A, | Turk Months. 

The «ra of the Martyrs. | 284 | Auguſt 29 

The Turkiſh era. - 622 } Fuly 16 

The Per/ian e/Era. ' 632 Tune 16 

The Sultan Ara. | 10799 MAMarch 

The Gregorian e/Era. 1582  Ottober 
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I. Of the Julian Period. 


This Period, albeit but feigned and invented by Scaliger, through a continued 
Multiplication of the Three Cycles of the Sun, Mom, and Roman Ind:tion, uled in 
the Fulian Year ; 15 Regiſtred among the moſt Famons Epoche, as being the Vehiculun 
by which we are carried ſafely on through a Series of Years. ; 

This Period commenceth 4716 compleat Years, before the Common <£rz of 
Chriſt, or in the 47145 inchoarte before his Nativity. | 

Therefore, the Firſt of Fanuary in the year 1657. (Old Stile) begins the 6370 year 
of the Fulian Peried, the Firſt whereof 1s Biſſextile. | 


II. Of the Epocha or ra of the World's Creation. 


This Period falleth out in the 765 year of the Fulian Period, which was Biſſextile 
949 compleat Years before the Birth of Chriſt ; ( juxta Hiſtoricam weritatem.) Where- 

pe the Near 1657. 15 the 5660 Current year of the World, era ſed hec tamen incer- 
ta, & juxta varias Chronologorum {ententias immutata. Beſides, 

The Greek Church numbereth from the Creation to Chriſt's «£rs 5509 compleat years, 
and begins it 1n the 5509 current, from the antecedent Calends of September. ' There- 
fore the Year 1657 current of the Chriſtian e/&ra, beginneth the 7165 current. year 
of the World : according tothe Grecian Account. | | 

The Latin Church ( _— to Euſebirrs) doth reckon from the Creation to Chrif”s 
Nativity 5199 years, counting from the Fulian Vernal Month of March, And there- 
fore, the Year of Chriſt 1657 is the 6856 year from the Creation, which muſt be com- 
puted from March ; for that (according to the account) the Months Fazuary and Fe. 
bruary belong to the Near 6855. 

The Fews, Hebrews, and later Rabbins, do number from the Creation to the Nati- 
vity 3761 years ; beginning their Account from the firſt day of the Month 7z/r;, 
which then agreed to the 7:5 of Oftober in the Fulian year. And therefore the Year 
of Chriſt 1657, 15 the 5418 year from the Creation, according to their Account. 


HI. Of the Ara of the Olympiads. F 


The firſt O/ympial began in the Summer of the 3928 year of the Fulian Period, in 
the 3474 year of the Creation. Therefore the firit year of the Chriſtian fra agrees 
to the 766 Olympial Current ; Or the 4th year of the I 94 Olympiad, which began the 
Summer before ; Therefore the Summer of the Tear of Chriſt 1657. began the Firſt 
year of the 6:9 Olympiad. x Hr 


IV: Of the Epocha of Rome's Foundation. R 


This Epocha agrees with the 3161 year of the Tulian Period, April 21 (being Palili- 
om & Urbis Rome Natale Feſtum) with the 3197 year frdm the World's Creation; the 
2 year of the 6 Olympial, and the 753 current before Chrift. Therefore the year 1657, 
April 21 (Old Stite] began che 2410 year from the Fondation of Rome. 


V. Of the Epocha of Nabonnaſlar. 


This (the moſt Famous of all other A/ronomical Epocha) took beginning at the 
Death of the King, -inthe 3967: year of the Falia-Pericd, the 3203 of the World, the 
firſt of the 8 Olympial , the 6 of the City, and. 247 before Ghrit: Therefore the 
year 1657, July 5 (New Stile) bur” Tune 25 (Ol Stiles) began he 2406 current year 
of Ma, 5 0. 4 | 

VI. Of the Fra of Alexander rhe Great. 
The Arabians call it --£ra Philipps, 1t began the 4390 year of the Julian Period, the 
626 of the Creation, November 12, the 425 of Nabonnaſſar , and the 324 current be- 
re Chri/t, This —_ was uled by pron, Prolomy, Theon, Alexandrinus, and 
Albategnins, The Year 1657 Jay 13 (Old Sile) the 23, (New Stile) began the 
1982 year from the Death of Aletauder., ,., »,, + .., , * SUED 
VII.' Of the Chaidearr Bra. v4 


The Syrian, Syro;gr ecian, Alexandrian, or Chaldean | Era, w uch the Fews, and 
the Writers.of thei Hiſtory of the Maccabees uls d.jo the Tewiſh Aﬀars, hagan on the 
4402 year of the Fulan Period, the 3638 of the Creation, the 436 of — 

| ene 
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the 12 of Alexander, and the z1 1 before Chriſt. The Year 1657, was the 1968 cur- 
rent year of this «re, but from Ofober began the 1969. 


VIII. Of the Julian Epocha. 


In this Year Fulizs Ceſar correfted the Calendar, began in the year 45 before our 
Saviour's Incarnation, in the 466% of the Julian Period , the 3934 of the World, the 
70g of the City , and the 532 Olympiad, or the 4th year of the 183 Olympiad. Where- 
fore the Year 1657 was the 1702, from the Tulan Emendation. 

JESUS CHRIST, the Son of GOD, and Saviow of the World was Incar- 
nated in the 4713 year of the Fulian Period, the 3949 of the Creation, the 4th of the 
194 Olympiad, the 753 current year of the Roman Foundation , and 1n the 748 year 


Current of Nabonnaſſar. | 
IX. Of the Ara of Martyrs. 


The e£rd of the Ethiopians, or Abyffins (called Diocleſian, the «fra of Martyrs, or 
the e/£ra of the Cophri Martyrs, for by all theſe Names it is called) uſed by the Alexan- 
drians, and Egyptians at this day ; began in the 4997 of the { uljan Period, the 4233 of 
the World, the 4h year of the 265 Olympiad , the T033 of Nabomnaſſer, the 18 day 
of the Month Arbir, but with the 284 of Chriſt: And therefore the year 1657, 1s 
the 1373 compleat, but the 1374 Current year of the Diocleſian Era, beginning 


Auguſt 29. 
X. Of the Turkiſh Era. 


This hath its riſe from Hegira, or the Flight of Mabomert from Mecha , began 1n the 
622 current Year of Chrift, Fuly 16. The Years are Lunar, repeding towards the ' 
Heads of the Fulian Years. And the Year 1657 commenceth the 1067 of Hegira; 
but late Twrks do reckon 11000 years till the preſent ; becauſe 537 Arabian, or Tur- 
ar make ſcarce 527 Fulian : Or (as Scaliger) 235 Arabian Years , but 228 

ulan wanting one Day. | 

This Mehomer (or Machumed) is the Turks great Prophet, or rather, Grand Impoſtor, 
whoſe Law is the Alcoran. Arabia was the Neſt that bred and foſtered that unclean 
Bird : Medina the place of his Birth, Mecha his Burial ; both which therefore are had 
in great Peneration. | 
| XI. Of the Perhan Ara: 


'This ere is two-fold, Feſdagirdick and Gegalean. The PFeſdagirdick, or Years 
from the Death of Feſdagirds, ns the 623 year of Our Saviour Fune 16. And 
the Year of 1657 b2gan the 1026 of that ere. | 

This Feſdagirda was the laſt King of the Per/ians, whom Othoman the Sarazen Em- 
peror overthrew, and at once deprived him both of Life and Kingdom. 

The Sultan or Gegalzan e/Ers began the 1079 current year of our Redemption, 
March 14, in the, 448 of the Feſdargirdick,' on the 18th day of the Month Pharavar- 
dim, or Pheurdim : And the: year 1675 began the 579 of this ere. 

This Sultan Gela! (lo called by the Perſians.) was Emperor of Choroſan, and Meſo- 
poramia, who by the help of Eight Perſian Mathematicians, then corre&ted the Calen- 


dar of that Nation. | 
XII. Of the Epocha of the New Roman Account. 


This Account began in the Time of Pope Gregory XIII. Anno Chrifti 1583. 

When Chriftopherws Clavias, the two Italian Brothers, (Antoni and Aloyſine Lilias,) 
with ſome other Mathematicians, corre&ted the Fulian Calendar, which was (and fill 
15) called Gregorean, Pomifician, Clavian, er Lilian. The year 1657 was the 75 of 
this «Are, which takes beginning OFober 5 of the Julian Year, hereby made the 15 
of the Gregorean. | 


XIII. The Corredion of the Calendar was thus. 


They ſubſtrated 10 days (from the ' 4#b of Ofober, unto the 15th of the ſame 
Menth excluſively) in the Year 1582, that thereby they might make the Verne! e/£qui- 
ox (on which the Moveable Feaſts depend) agree to the 21 of March, asit was by the 
Nicene Council eſtabliſhed, Anno 324, And (to retain the ſame for furure times, 1n- 
variably upon the ſame day, ) they appointed, that of 400 years in the Firſt, Second, 
and Third Hundred Years, the Leep Day (which in the Julian Tear happeneth) —_— 


— 
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be omitted, and,not intercalated, but in thz 4259 year, that the Leap- Day ſhould not 
be omitted, but intercalated. For Example, over and beſides the 10 days ſubſtratted 
25 aforeſaid, 17 the year 1709, by omitting the Leap- Day, the Gregorian ycar ſhall be 
11 days ſhorter than our Fulian Year; and fo in the year 1800, it ſhall be 12 days 
ſhorter ; and laſtly in 1900, it ſhall be 13 days ſhorter ; but in the year 2000, by 
keeping and intercalating the Leap Day, it ſhall ſh]l be but 13 days ſhorter, and fo 
forward. But yet this Corred{:on wants of exacttneſs,, and hath need of another Amend- 
ment. 


A TABLE of the Anticipation of the Gregorian Calendar. | 


Anno | 
4 | Do Amno | «| Amo| - | Anno 
A." 5 Gnebs | | 19 ws Mis Dom DE Dom. a Dom. X 
th | 11 | 1799) [144 2100] [15 | 2599l Ik | 2500 | 
A. 24 Febr. _ 12 | 1809 5 2200] |18 | 2690 " | 3000 
t | 13 | I990{ [I6 | 2309] [19 | 2500 I22 | 3100 | 


-. _ _— -——— ——— 
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XIV. How to Reduce the Years drawn from other Epochz, to that of our Sawiour"s: 


Learn firſt, what year before or after Chriſt, any other of the more notable Epechbe 
takes beginning; it being a task very eafte (where the Fixed Solar year conliſting of 
365 days, 6 hours fere are uſed) to reduce them to the Series of years reſpeting the 
Birth of our Saviow : For it they be drawn from an era before that -of Chriſt, let 
the Number of years by which ſuch Epocha 1s deſcribed to happen before Chrift, be 
ſubſtracted trom the Years of the Epecha given; and the remainder ſhall ſhew whac 
year of our Lord agreeth thereto. 

Burt when the given years of the Epocha propoſed are leſs than the interval of years, 
by which it precedes Chriſt's Era, and fo Subſtraftion cannot be made as before ; let 
the given years of the Epocha be ſubſtracted from the interval, and the reſidue will 
declare the current years thereof before Chrift. 

Moreover, if the given years be deduced from an era ſucceeding that of Cf, 
then add the interval of th;s Epocha from the Radix of Chriſt, to the years propoſed, 
and the aggregate gives the number of years from the Birth of our Saviour, agreeable 
to the given Years'ot the Epocha propoſed. As for Example, 

F - deſire to know in what Year of Chriſt the Arabian Ara commenceth, which Arzacbel 

the Aſtronomer referreth ta the 932 year of Dhilkarnain. 

Now, becauſe the era of Dhilkarnam beginneth Ammo 311 before Chrif, ſubſtract 
311 years from 933, and the remainder 622 ſhews the current Year of Chrif, in 
which the Arabian e/Era commenceth. 

Again, I would know how many years the 452 year of the City 3s before Chriſt. 

Here (becauſe the era of the City falls out 753 years before Chriſt, which cannot 
be ſubſtracted from the propoſed Year, being greater than it) I deduce 452 from 753, 
and the remainder 391 is the number of Years that the 452 of: the City precedes our 
Saviour's e/Era, | 

Laſtly, 1 demand what Year of Chriſt correſponds to the 1393 year of Diocleſian. 

The Diccleſian e/Era (as already I told you) began Ammne Chriſti 284. Now by ad- 
ding 284 (the interval of this era trom Chrift) to 1373, (the Year propoſed,) Tfhnd 
that the Aggregate 1657 15 the Number of Years from the Birth of our Saviour, agreea- 
ble to the 1373 year of Dzocleſian. 


XV. How to Reduce the Tetracterides of the Olympiads to the Year of Chriſt. 


©To Reduce the Olympiads propoted to the Year of Chriſt. Firſt, Subſtra&t an Unite 
from the number of the Olymprads given, and multiply the Remainder by 4 Tothe 
Product add the curretit Year of the Tcraeterial propoled,the Summ 15 the elapſed Years 

trom the firſt Olymprad. ; | 
Now if this Summ exceed 776, (for ſo many years their Radix preceded that of Chrift,) 
deduct 576 from thence, and the refidue thews the current Year of Chriſt : Bur if it 
be leſs, tubſtra&t the lame from 776, and what remains gives you the Year befors 

Chri#t, | 
4% For 
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For Example. 


I would know what Year of Chrilt agrees to the firſt Tear of the 629 Olympiad. 
Firſt, Subſtra& 1 from 609, the remainder is 605, which muleplied by 4, the Pro. 
duct is 2432.3 unto which add 1 (for the Year of che current Terracterial ) and the 
Summ is 2433. Laſtly, Subſtra&t 776 from 2433, and the remainder 1655 agrees to 


the propoſed firſt year of the 629 Oiympiad. 
I would know what Year of our Saviour correſponds to the 3 Year of the g; Olym- 


gain, 


piad, in which the Moon (according to Zenophon ) x ſaid to bave been E. 


clipled. 


Firſt, Subſtra&t 1 from 93, and there remains 92, which multiplied by 4 produceth 
268 years ; to which add; 3 (the current Years of the given Terrazterid) and they 
make 371, which deducted from (becauſe they are leſs than) 776, there remains 455, 
which 1s the Year of Chri, agreeable to the propoſed 3 year of 93 Olympuad. 


XVI. Haw to convert the wandering and uncertain Years of the Egyptians from Na- 
bannaſſar, to ;he Years of CHRIST. 


To change the Egyptian Account, Inchoated from Nabameſſar inthe decurrent Years 
of Chriſt, 15 the delign of the following Table. 
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A TABLE for Converting the Egyptian Years from Nabannaflar into Julian, | 
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The Uſe of this Table. 


Qt in it the number of years from Nabonnaſſar, which you deſire to turn into 7u* 
F lian: Or (when you find them not preciſely) the next greater- From 
Number lo found deduct the propoſed Years, and the remainder added to, 


Anni | Ann.ante | Prim. Toth Anni 1 Amni poſt | Prim. Toth. 
\Neb. | Chriſtum.  cadit in | Neb. | Chriſtum. | cadit m |. 
ij 747; 26 Febr.| 836 $8 [1 Aug. 
4 244 | 25 Febr.|' 960 212( 'Taly, 
! Too 218] 1 Febr. 1089 222 | 1 Tune 
{ 220 $24| L Jan. I 204 456 | 1 May 
228 $21 x 31 Decem. ; 1324 S7o| I Fa 
348 gor | 1 Decem 1445 1 700, I March 
i 468] 281! 1 Novem. ;* F4$F2 | 704 | 29 Febr.) 
| 592 157] 1 Otob. 1453 705-| 28 Febr 
712 37! 1 Septem. [| 1456 { 708 | 27 HFHeby 
| 948 r | 23z Aug 1460 12 126 Febr 
ns 1462[ 514] 26 Febr 
749 F | 23 Aug. | | Þ 2923 2174 | 26 Febr. 
752 4122 Aw. 4354 23634 | 26 Febr. 
Mens Egypt Dies. Mens Ep ypr., Þ. Dis. * 
Toth 30 | Phamenoth | 210 
Paophi 60 xj; ' 3 Pharmuthi 240] 
Athyr go h | | Pacon | 270 
$—_— G—m—_—_ —— j —— wen ——_— 
Clioclac ; 120 7 Payni 200} 
Thbi. I5o  Epephs | 330} 
Mechyr ot - | Meſori 360] 
[ "TL poſt Meſeri Epagomen& quingue _ 5 365 
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time propoſed be before Chrif, ) or, if after, ſubſtracted from the Year of Chriſt, 
(which ſtands on the right hand the Table,over againſt the Number of Egyptian Years, ) 
leaves the Year to be reckoned before or after Chriſt, as the Title directeth. 
' This done, Take (in the ſame part ot the Table) the Day of the Fulian Year agree- 
able to the firſt of the Month Toh, and then divide the remainder of Years (after 
the firſt Subſtraion) by 4, tor 1f the Quotient (which mult ever be augmented by 
1, when ought remaineth after Diviſion, otherwiſe not art all) be added to thar day 
of the Julian Year, you have the Seat of the Egyprian Month Toth in the Julian Calen- 
dar; and (the Head of the Year being found) it 15 quickly ſeen how the Day: of the 
Egyptian Monthwagree. 
''For, take but (in the Canon of Egyptian Months) the elapſed Days from the Head 
of the Year, to the Day propoſed, and add the Sum to the Day of the Month in the 
"rg Year, (unto which you have found that the firſt of Toth agreeth,) and yon 
ave the Day of the Month in the Julian Year, according to the Egyptian pro- 
lod.--:..- 
®' Bur if the Years propoſed be from Alexander, and following the Egyptian Ordina- 
ties, then {becaule there are juſt 424 years between the ra of the King's” and thac 
of Nabamnaſjar) add but 424. years to the given years from Alexander; and with the 
Sum, as you did with that of the Years of Nabannaſſar, find out the correſponding of 
the Julian Year ; for it will be the ſame with that which: would be found with the 
Years from Alexander. Laſtly, The Day of the Julian Near-this gotten, you cannot 
be ignorant of the Gregorean, by adding but to the Fulian the difference of the days be- 
twixt them for the Century propoſed, you m the Day in the Gregorean. | 
Example. GE ons 
Theon, (in his Commentaries upon the Six Books of Ptolomy's Syntax) makes mention 
of s Solar Eclipſe obſerved by him at Alexandria inthe 1112 year of Nabannaſ- 
ſar, the 22th day of the Mowb Payni; 1 deſire to know what day of the Julian 
year agrees thereunto. 
| The next greater number of years from Nabannaſſar, are by the Table foregoing 
1204, and the Years of Chriſt anſwerable, on the right hand 456 after Chrif, together 
with May 1. Therefore I ſubſtrat 1112 from 1204, and there remains 92 
years, which 92 deduced from the found years ET: leaveth 364, for the Cur- 
rent years after our Saviour. ——-— This done, I divide the firſt Remainder 92 years 
by 4, and the Quotient is 23, and nothing remaining, which added to May 1, gives 
May 24, for the day unto which the firſt of Toth agreeth: —= Now ſeeing that from 
the Series of the Egyptian Months, 210 days are compleatly elapſed with the Month 
Pachon, and that the propoſed day 1s the 22 current of the following Pagni, together 
making 292, Iadd 292 to May 24, (unto which the firſt of Torh anfwereth,) and ic 
produceth March 13; therefore the Year of Chriſt 365, March 13,Poſt Chriſtum, in the 
Falian Year, agreeth to the propoſed Time from Nabamaſar. 


XVII. How to Convert the Turkiſh and Arabick Years from Hegira, into the 


Inchoate, or Current Years of our Saviour. 


"A TABLE of Days in the Turkiſh Tears. 


Anm. | Dees. Amnt. Dies. Anmi. | Diez. | 
| TY | 254 16 5670 | 320.0 10631 , of. 
o | I7 6024 60 3 © 11262 . 0 
709 
p 1063 5 6378 90 . 0 31893 . 0 
43a" 19| 6733 * 130.0] 43434.0 
5 | 1772 20 | 7087 | I50 . © $3155 .0[; 
6| 2126 | 21 j __7442 180. of 63786 .0x' 
"7 2450 —_— 7796 | 219 . © 74417 . © | 
1 $ 2853 | 23 $150 240 . 0 85048 . Oo 
| "= Y 3189 | _24 _ 8505. | 270.01 95679 - o| 
' 10 3543 25 8895 309 . 0 106310 .0p_ 
} 11] 3898 | 26 — | | 
| i2 | 4252 27 9568 | | | 7 
q 13 4607 ;--WS 9922 [. | [; 
| 14 4761 | 29 ron | | 
is5| $315 30 | : 


Days 
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Days in the Turkiſh Months. 

Mabarram 30| |Sababeu 236 
Sepbar 59| |Remadbau 266 
Rabie [, 89] |Schevall | 295 
Rabie IL. | 118 Dulkadati 325 
Guimad I. 148] |Dulhbajati ' jo | 

Guimadi IL 177] |Dulbutſche Turc 355 
|Regeb : I RN 207: |in Am. abundanti 355 


I 265 . 25 6 2191 « 50 
Io 3652 « 50 | 60 21915 . oof}. 
190 36525 +» 00 600 | 2191509 ., oof. 
1000 365250 . 00 | 6000 | 2191500 . oof! 
FT 2 739 + 5O Ss | 2556. 75h: 
20 7305 . 00| - | 7o | 25567 . 501; 
T*1 73050 . 00 790 | 255675 - 00 
| [2000 30500 . 00 7050 25567580 . 00 
3 1095 . 75 k., . 2902 , oot 
| 30 10957 ., 5O O 29020 , 00 
| 309 109575 . 00 800 299200 , =1 
i 1 3000 | _1095750 - = Bonoo 2902000 . 00 [ 
4 1461 - 00 @) 3287 . 25 [; | 
40 14610 ny go | 32872 . 50 | | 
| 400 146100 . 00 900 328725 . oo! | 
p 4000 1451000 . 00 9090 3287250 . 00 | | 
5 1926 . 25 | [| | 
oO 18262 . $O | | | | 
| 500 182625 . 00 : | | | 
_| 5000 | 1826250 . =, | 


— > CC CCCCCCCCCCCCCL_ — —_— 


Days in the Julian Months. 


F anuary 031 38 May © I at IF2 September 273 | 274 

February _ 59! 6ol [Tune 181 | 182] zOtober 304 | 305 | 

March 90 | gi] jFuly |212|213] [November 335 1336| | 

April 120 | 121] | Auguſt 243 | 244] [December 365 | 366 | 
| Months, Com | Bif. | Months, | Com | Biſe] | Months, © | Com , Biſ. | 


——_r— 


A— 
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Firſt, by the Table of Days in the Falian Near, reſolve the Interval of this Epochs, ; 
from that of Chrif, into compleat Days. 
Next, the time propoſed in the Turkiſh Account, into days, by the Table of days 1 
in the Tiwrkiſh Tears, for they being all colleted into one ſummythe ſame will give er | 
the number of days, wherewith, by the Table of days in the Fulian Year, you may find | 
out the Month and Day defigned from Chrift, as followeth — | 


Seek out in the Table of days in the Falian Year the number of (if you find not the 
ſame exactly the next leſſer than the Sum of days before found, and take the oppo- 
ſite Years on the left hand. Then from the Sum of days firſt Colle&ed, ſubſtract this 
next lefſer Number, and with the remainder, (if leſs than 365) find out in the Table 
of days in the Fulian Menth, the Month and Day ot the Fulian Year, and fo you will 
have the Year, Month,and Day from Chri/#,congruent to the propoſed, from Hegira— 


But 
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 Butif the remainder exceed 365 days, you mult therewith re-enter the Table, and 


- thence take the next leſs number of days {as you did before) together with the oppoſe 


Years on the left hand, which add co the former; ſo continuing your work, till fewer 
than 365 days doremain ; that you may colle& the Fulian Years as aforeſaid. 


Example. 


T deſire to know what Day of the Julian Year agrees to the 1057 from Hegira, the 
7th Day of the Month Saphar. 


Firſt then, the interval of the Turkiſh Epocha from that of _—_— 1s 621 years, Fuly 
15 comp which thus are reſolved into Days, multiplying all by 365.25 or 365+. 
But by the Table thus, 


600 Tulian Years give | 219150 Days 
20 Years give 


7305 
r Xear gives 365 
he” une Compleat 181 
32 uly Current | 15 
Tae Sum of days in the Interval. 227016 Days 
; For the Arabick Years, by the Table. 
goo Arabick Years give 318930 Days 
150 Years give 53155 
6 bo _ 2126 
"> $ Maharram Compleat @) 
10568 Saphar Current. | ; 7 | 
The Aggregate of days in both | 601264 Days 
Now to Convert thpg Aggreg ate of Days into Julian Years. 
The whole number of days \» 601264 Years 
Number for 1000 Years 365250_—— —— 1000 
, Remainder 236014 
The Number next leſs 219150 ww Go0 
Remains 16864 
The Number next leſs | 14610 » — 40 
Remains | " "BI04 | 
The Number next leſs © 209 — 6 
Remains 


Z 
Here it is evident that 1646 Fulian Years are anſwerable to 601201 Days, which 
with 63 Days remaining, makes 601264, the whole number of Days: Now for the 
63 days remaining, 59 of them are elapſed with February, and the 4 then remaining 
xe to be accounted in March : Wheretore I conclude, that upon the 47h of March 
1647 Current (after the Fulian Compatation, but the 14th of March in the Gregorian ) 
agrees to 1057 from Hegira, the 71h gey of the Month Saphar. 


SE CT. XS 


Of the Common or Vulgar Notes of the Julian and Gregorian Tear, and how 
to find them. 


I. Of the Lunar Cycle, commonly called, the Golden Number, er Prime. 
HE Golden Number is a Revolution of 19 years, in which time all the Lunations 


and Aſpects between the Sun and Moor, do nearly return to the ſame placesth 
were 19 years before. To find it, Add one to the year of Chriſt (for at his Nati- 


vity the Golden Number was 1) and divide by 19, the Quotient tells you how many 
Revolutions the Circle hath made fince the Incarnation, and the Remainder 15 the 
Golden Number for the year fought. 

Example : For the year 1687, add 1, it is 1688; divide by 19, the Quotient is 88 ; 
and ſo many Revolutions hath the Circle made, and the Remainder 16, is the Golden 
Number tor the year 1687. 


IL Of 
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IL. Of the Solar Cycle, or Cycle of the Sun, 


This Circle is a Revolution of 28 years, and the chief ule of ut 15 wer. to find 
out the Dominical or Sunday Letter for any year: It is found by adding 9 (far fo far 
was the Circle gone at the Birth of Chrift) to the year of our Lord, and dividing the 
Produdt by 28, and the remainder is the Circle for the year ; but it nothing remains, 


then 28 15 the Cycle. . : | 
| then28 15 yete the Sum 15 1695, which divided by 


Example : For the year 16$7. to which add Fl | 
28, the Quotient is 69, and 16 Remaining ; fo that the Sun's Cycle for the year 1687, 


15-16. | 
HI. Of tbe Epact. 


This Number is contrived to adequate the difference between the Solar and the 
Lunar years. To find which, multiply the Gaiden Number for the year by 11, 


and divide the Product by 3o, the remainder is the Epat for that year. 
Example : For the year 1687, the Golden Number tor that year was found to be 16, 


which multiplied by 11, the Product 15s 176, which divided by 3o, the Quotient. is 5, 


and 26 remaining, which is the Epa& for the year 1657. 


is now our of uſe. 


of the Indif:on. 


IV. Of the Roman Indiction. 


This Revolution was invented for the Paying of Tribute to Auguſtus Ceſar, and 
It is a Circle of 15 years, and 1s thus found. -— Add 
year of Chrift, and divide the Sum by 15, the Remainder after diviftion i the Number 


| Example : The year 1687, to which add 3, it makes 1690, which divided by 15, 
the Quotient is 112, and the Remainder 10 is the Ind:1on tor that year. 


Tables for the findin of theſe Common Notes both 
| Nt Juhan _ Gregorian «fccounts. 
Yea. |9TDomimical] |Yea. |,=|Epac.\ Yea. | (; 
| of D| Letter. of | &| | of B 
Chr. |O| Ful.|Greg.| |Chr. [H|S|5! |Chr. | 5 
1672] 1jG FjC B |1681[10|20|10 1685] 5 
1673] 2} E | A [682\11 1121, 1636] g 

1674] 3] D |'G (683]12/I2] 2] |[1687]r0| 
1675] 4) C | F_| |1684/1323|13| [168811 1| 
I676] 51B AE D} [16S5|14 4124 1689/12 
107] 6 G!c |1686|15|t5| 5| [1690/13 
1678] 7] F | B | |1687]16i26|16' 1691]14 
1679, E | A | |1688%7]_7127| [1692115] 
1680 o\D ClG F) |1689]18]18] 8] [1693] 1 
1681 to] B | B | |1690[19]29|19} [1694] 2 
1682]11] A | D 1691 1 

: 1653121 G | C | |692 | 

1684|13]F EB A| [1693 | 
1655114 D] G [694 | 
16861r5f C| F i695] 5 | 
16371161 B | E | [1696 6] 6126 
(638}:7]A GID C| [x699] 7 i7 7 
wy 8] F | B 169 cj 
69019] E | A 1699] 8! gj2 
rep N73 eos 

; 1692121|C BjF E 
1693122] A 'D 
1694/23! G C 
-—+| =; RIP 
i696[25/E DjJA G 

| i697,261] C. | F 

j I698/27] B | E 

169928 A | D 87 


to 3 the 
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A Table 
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| 3 2013; A Table ſhewing the Feaſt of Eaſter. 
A | B [ C | D | EEEFFT'G 
; re PEE Oy +7 "INE - Ce ne of Hp IIS 
=| 11Aprit.g] 1o II I'Y 6 . | 8 |7E 
| : 2|Mar.26\ 26 28 29 30-1 3t IApilii is 
L 31 Apr. 16| 17 15 19 20 14 15. | 9j 2 
- 4|Apr. 9] 3 1 4 C7 6 7 8 [to|< 
&| 5/Mar.261 29 28 29 23 24 25 [ul 
'S| 6| Apr. 6) 19 | nn I2 13 14 | 15 jl2]S 
| 71-487: 2| 3 4 F 6 |Mar.31| April 1113 & 
F.. 8] Apr. 27 24 25 | 19 29 21 22 |I4| 
"a 4 jy ah 9} 10 II 12 13 14 s [I5!'s 
£10 Apr. 2 3 |[Mar.25| 29 | 39 31 {April 1116] & 
© [Il Apr. 16] 17 18 Ig | 20 | 21 22 |19|= 
Ei12/Apr. 9] 1o IT 5 6 | "7 8 |18|V 
> I3|\Mar.26| 27 25 | 29 { 39 31 25 19} = 
= (14|Apr. 16, 17 18 i9 þ- 13 I4 I5 | 1|> 
|15|4pr. 2] 3 + 5 6 7 8". | a] 
"©; 16|Mar.26| 27 | 28 22 23 24 25 [3/8 
©|r5]4pr. 16] 1 | 11 13 | 14 | 15 -| 4s 
18] Apr. 2 3 - 4  $ |Mar.zo| 31 (Api 1 | 
[of Apr. 23] 24 I 15 | I9 20 21k | 22 6 


SE CT. XVIIL 


Of the Reaſon of the Difference in Computation between the Old aud New 
Accompts. : e- | | 


A Year (as hath been ſaid before) is that ſpace of time in which the Sun goeth 


throughy the whole Circle of the Zodiack, as from the-Tropick of Cancer to the 
Tropick of Capricorn, and ſo to the Tropick of Cancer again ; or trom the Equino#ial tothe 
Equinoial ; or from any other Point of the Zodiack to the ſame again. Now becauſe 
of the unequal Motion of the Sun (concerning which, recourſe may be had to the 
IX. Book hereof), it ever was, and yet-is, a very hard matter to determin exatly ; 


inſomuch, that Cenſorinus, De Die Natali, . ſaid, that the Year confiſted of ſo many 


Days, and how much more or leſs no body kriows, 
This uncertainty brought ſo much Confuſion upon the Old Roman Calendar, that 
Time with them was grown a Commodity, and bought and fold at a price. Their 


Prieſts, who had to do with this Aﬀair, having in their power to make any Year - 


longer or ſhorter at theic pleaſure, which the Emperor Fulins Czar looking upon as a 
matter no way below his greateſt conſideration, adviſed with ſome <Egyprias Mathe- 
maticians about ir, by whoſe Inftructions, he found that the Swr's yearly Motion in 
the Zodiack, was performed in the ſpace of 365 days and 6 hours. 

The 6 odd hours he cauſed to be reſerved in ſtore till every fourth Year, till they 
made 24 hours, or one whole day; ſo accounting, that the 3 firſt Years ſhould con- 
fiſt of 365 days, and the 4th. of 366, one day more, and eyery 4th. Year was there- 
fore (as ſtill ic 15) called the Leap-Near, and the thing it felt 1779calation, or putting 


in beewixt che Caleudar. 
This was very much which the Emperor did, but he left as much to do; for though 


it cannot yet be found out exactly in what ſpace of time the Sun goeth its yearly 


Courſe, yet thus tnuch is made good by infallible experience, that the Emperor's Ma- 
thematicians allotted coo much ; for the number of Days they were in the right; tor 
it is certain no Year can conhiſt of more than 365, but for the odd Hours, it 15 as 
certain that they cannot be fewer than 5, nor ſo much as 6, fo that the doubt is upon 
the Minutes, 62 whereof go to the making up of an Hour ; a ſmall matter one 
would think, and yet how great in the receſs and conſequence we ſhall fee. 

Fulizs Ceſar allotted 365 Days and 6 Hours to this Revolation, but the Su» gocth 
about 1n leſs time, that is (according to more exact account) in 365 Days, 5 Hours, 
and 49 Minutes, and a littls more; 1o that the Emperor's Near is much about 19 Min. 

Qqq 45 Seconds 
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48 Seconds greater than the Sun's, which muſt of :neceflity breed a difference of fo 
many Minutes and Seconds every Year, betwixt the Year which the Swn it ſelf de- 
ſcribes in the Zodiack, and that which it reckoned on 1n the Calender ; which though 
for a Year or two may paſs inſenſibly, yet 1in the ſpace of 134 Years it will riſe to 
one whole Day, that 15, the beginning of the Year in the Calender muſt be ſer one 
Day back... 'As for Example; Let the Year begin at the Verna! Equinox, or Spring ; 
In the Emperor's time that fell out to be at the 24th. of March, but now this Year 
it fell out upon the 10th. of March, 13 Days backwards, and ſomewhat more, and 
ſo, if it be let alone, will go back to the Firſt of March, and Firſt of February, till 
Eaſter come to be on Chriſtmas Day, and fo infinuely. x 

To reform this difference in the Account, ſome of the late Roman Biſhops earneſt- 
ly endeavoured ; and the thing was brought to that perte&ion it now ſtands in (fo 
much as it is) by Gregory the 13th. in the Year 1582. His Mathemeticians (whereof 
Lillius was the chief) adviſed him thus: That conf1dering there had been an Agita- 
tion in the Council of Nice ſomewhat concerned in this matter, upon the motion of 
that Queſtion about the Celebration of Eaſter ; and that the Fathers of that Aſſembly, 
after due dehberation with the 4{tromomers of that time, had fixed the Vernal Equinoz 
at the 21ſt. of March, and conh1dering alſo, that fince that time a difference of 10 
whole days had been paſt over in the Calendar ; that 1s, that the Verna! Equinox, or 
Spring, which begun upon the 21ſt. of March, had prevented ſo much as to begin 
in Gregory's days, at the 1oth. of the ſame, 10 Days difference, or thereabouts ; they 
adviſed that 10 Days ſhould: be cut off from the Calendar, which was done, and the 
10 Days taken out of Ofeber of that Year 1582. as being the Month of that Year 
in which that Pope was born ; ſo that when they came to the 5th. of that Month, 
they reckoned the 1 5th. and fo the Equinox Was Come up to its place again, and hap- 
ned upon the 21ſt. of March, as at the Council of Nice. But that Li/l;zs ſhould bring 
back the beginning of the Year to the time of the Nicene Councils, and no farther, 
is to be marvelled at; he ſhould have brought it back to the Emperor's own time, 
where the miſtake was firſt entered, and, inſtead of 10, cut off 13 Days: How- 
ever this 15 the reaſon why theſe two Calendars differ the ſpace of 10 Days one from 
the other. And as the O14 Account was called the Fulian, from the Emperor ; fo the 
New is called from Gregory the Pope; and Lillim the chief Agent, the Gregorian, ec 
Lillian Account. : . | 

For the Third Calendar there needs not much be ſaid, though it be more abſolute 
than the Second ; for it reduceth the beginnings of the Year to the Emperor's own 
rime, and fo leaveth the O74 Style 13 Days behind, as 1t ought to do. 


SECT. XIX. 
The Tſe of the Terreſtrial Globe i» Geography and Navigation, 


Hat the Terreſtrial Globe 15, and what 1s deſcribed upon it, as alſo the Circles, 
_ Lines, and Points anſwering to thoſe in the Heavens, and to what Uſes they 
ſerve, 1s largely diſcourſed of in Book III. Chap. I. Of Pra#ica! Aftronomy, where- 
unto I refer you for Satisfaction; I ſhall here only ſhew the Uſe of the Globes in the 
Solution of ſuch Problems as concern Geography and Navigation. | 


GEOGRAPHICAL PROBLEMS. 


PR OB. I. Þ7o find the Longitude of a Place. 


nt - Onevede is the diſtance of a place from the firſt Meridian reckoned n 
the degrees of the e/£quator, beginning, as was ſaid, in this New Ter- 
reſtrial Globe, at S. Michael's {land in the Azores. 

Pradice.) Bring the place (that is, the mark of the place) ſuppoſe Londen, to the 
Brazen Meridian; then count how many degrees of the e/£quator are contained be- 
tween the firſt Meridian and that of London, cut by the Brazen Meridian, which you 


_—_—y be 28 deg. which is the Longitude required. And in this manner you 


London 


. 


— -—  -- 
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deg. min. deg. min, 


Lone b J q 28 O i 25 Oo 

J eruſatem co be Miltant 65 30 | By other \ 52 = ; 

Fedo in Fapan\, from the firſt Ji67 "o| Globes )Ji58 3 hoe fi co 

» Rio de la plataf Meridian byN 32 © and ay tt ame Me 
Mexico . the New Globe. TEA Maps 86 o\. 77 ian. 
Charlton Iſte FI 39 65 50 3 


PRO BB. IT. To find the Latitude of a Place. 


Denition. HE Latitude of a place, is the Diſtance of the equator from the Pa- 
| rallel of that place, . reckoned in the degrees of. the Great Meridian ; 
and is either North or South, according as it lies between the North or Sourh Poles of 
the e£quator. | 

Pra#ice.) To find the Latitude, bring the mark of the place; for Exemple, Sup- 
pole London to the Brazen Meridian, then count the number of degrees upon the Me- 
her, CON between the e£quaror and the place given. Thus you ſhall find the 
Latitude | 


deg. min. . © deg: min. 

Lun ls Cou be ue 20 
abor in the Aoguts ntry to 9 .  - -.\3T : ZO© 23 3ZO© 
The South-part of the Caſpian Sea to be 7-0 By, _ J4t © 
Aftracan, on the North-part of the Caſpian Sea to beN46 © M pi | a 
The North-part of China to be 43 0 "T Wa 
Delli in India to be : 28 o'| $7 © 


PRO B, Ill. The Longitude and Latitude of any place being known, to 
find the true Situation of it, though not expreſſed upon the Globe. 


a > the degree of the equator that anſwereth to the Longitude of the 
lace to the Meridian, and then reckon the Latitade of the place u 

the degrees & the Meridian towards either Pole, according as it is. either in North or 

Suuth Latitude; and right under that degree and minute upon the Meridian, is the 

true Situation of the place enquired after. | 


PR oO B. IV. To find what Time or Hour of the Day or Night 7t zs in 
any Pgrt of the Earth. 


a. reaſon of the Earth's diurnal Mgtion round the Sw in 24 hours, the 
Sun enlightening but one half of Mt at the ſame time, it comes to pals, 
that when it 1s Morning 1n one place, it is Noon in a ſecond, Night in a third, and 
Midnight in a fourth, according to their ſeveral Situations in reſpe&t of Ezft and 
Weſt one from the other. This difference of time 1s known by the number of de- 
rees contained 1n the eAquator between any two places propoſed, converted into 
hou and minutes, reckoning 15 deg. to an hour, &«c. but more readily by the Globe 
S2 
Praftice.] Suppoſe at London, at 12 of the Clock at Noon, you would know what 
a Clock it 15 at Mexico in the Weſt Indies ; bring London to the Meridian, and fer the 
Index of the Hour:-circle to 12. then turn the Globe Eaſtward, becauſe London'is Eaf 
of Mexico, till you bring Mexico to the Meridian ; then ſee what hour the Index points 
at, for that is the hour then at Mexico, Thus you will find, 


, 6, m. 
C Mexico s 10 
Charlton Iſland 6 450" _ before 
When it 1s 12 a | Rio de la plata $8 10 GON. 
Cy at Lon-< Sad 
07, It 15 at eru[aiem 26 
Surrat '$ 15h hw after 
C Jedo g9 18 n. 


And this by knowing what difference of time there is between place and place at 12 
2 Clock, the like difference is to be underſtood of all other hours. 
Qqqz2 « PROB. 
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PRoB. V. To find the Diitance of any two places upon the Globe ,,. 
from another. | 


Prafice]F AY the Luadrant of Altitude upon both the places required * the 
LL the number of degrees of the Luadrant of Altitude contained N—— ; 


the two places; which velng found, multiply them by 60, gives the diſtance in Eng: 
g | | 


ſb Miles. Thus you will find 
deg. m. deg, m. 
| Foal 51 30 9 : 30 
x Jeruſalem 33 30 33 O 
The diſtance waye by the new by the 

of London Tab 4 4 ſize of 4 = Dutch | lobe, 
from Rio de laplats 100 20 _— 106 o\ 32d Englyh, 

Charlton Iſland 46 203 * "0 


If you find (as you needs muſt) that the proportion of Miles upon theſe 
Globes do very much differ from thoſe diſtances ſer down by other Akers neg 
defired not to think much ; for the Longitudes are not yet exactly agreed on : The per- 
fe&ion is not one Man's, nor one Age's Work, and muſt be waited for. Where you find 
the places upon this Globe to agree with othes, you have cauſe to ſuſpeR they have 
lain upon the lees of time, not as yet enquired into: Where you find them to diſagree 
you may conclude that they have been brought to a truer correction and amendment. 


PR o'B. VI. 7o find the Poſition, or what Point of the Compaſs any twe 
places are Situate one from another. 


pris 1 HE Poſition is an Angle which is made by the meeting of the Meri. 
| dian of one place, with the Vertical Circle of another. | 
Pra#ice.} To find this out, you are to elevate the Pole to the Latitude of one of the 
places, ſuppoſe Londen; then bring it to the Meridian, and it will fall out to be di- 
realy in the Zenith; for the Elevation is always equal to the Latitade; then faſten the 
Dnadrant of Altitude to the Zenith, and turn 1t about till it fall upon the other place 
ſuppole the Iſle of Tenerif, and the end of the Quadrant where it toucheth the Hy 
ion will ſhew that the Ifſe of Tenerif beareth from London S SW : So alſo the hear- 
ing of Barbadoes from the Lizard to be S W, half a Point Weſterly ; and the oppoſite 
Point N E, half a Point Eafterly, the bearing of the Lizard from the Barbadges. 


P& © B. VIE. To know at anygime in what place of the Earth the Sun is in 
their Zenith. 
'This muſt be to ſuch Inhabitants of the Earth only that inhabit in the Torrid Zone 
between the Tropicks. | | 
Pra#ice.TID Ring the place you are in, ſuppoſe London, to the Meridian, and the Index 
co the hour 12; then conſider the time of the day, which ſuppoſe to be 
half an hdur after 5 in the Afternoon, the Sun having then 10 deg. of North Decli- 
nation; then becauſe it is Afternoon, turn the body of the Globe Eaftward, till the 
Index hath paſſed 5 hours and an half from 12, that will be to 9 a Clock and an 
half, and there ſtay the Globe; then fee what place or Country 1s under the Meridian 
that cuts 10 deg. of North Declination, and you will find Nombre 4; dios upon the 
If bmus of Panama in the Weſt-Indies. But if it were required the ſame day at half an 
hour after 6 in the Morning, then you ſhould have turned the Ghbe Weiftward ll 
the Index had paſſed 6 hours and an half: And then under the Aeridian, and upon 
the Parallel of 10 deg. North Declination, you wall find it near 4 or 5 little Iſlands 
cloſe by the Weſt /ide of Mallaces in the Eaſt-Indies, where the Sun will be in the Zenub 
_ at that time. | 
Having found in what place of the Earth the Sw» 1s in the Zenith, elevate the Glube 
co the Latitude of the place, either North or South ; then bring chat place to the Aeri- 
dian, lo ſhall all places cut by the Horizon have the Sun in their Horizon; thole to the 
Weſtward thall have the Sun riſmg 1n their Horizon ; thoſe ro the Eaſtward ſhall have 
the Sur ſetting. . In thoſe Countries that are above the Heorizen it 1s day-hght, and in 
thole but 18 deg. below the Horizon, it is twilight ; but in choſe Counties farther below 
the H-riz0n, 1t 15at that time midnight. PROB. 


— 
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PR © B. VIII. The Difference of Longitude being known, to find what - De- 
gree of the Ecliptick culminates ar any other place at any time propoſed. 


Maxch the 1oth at 10 of the Clgck before Noon here at London, T would know 
what degree of the Ecliptick culminates then at Jeruſalem. ] 


a the Globe to the Latitude of your place, wiz. 51 deg. 30 min. then 
bring the Sun's place for that day, viz. Y o deg. to the Meridian, and 
the Index to 12, then turn the Globe Eaſtward till the Index point at the given hour, 
viz. 10 of the Clock, and you will find the 28 deg. of = then culminating here at 
London, Next turn about the Globe Weſtward until 3 3 deg. 30 min. of the «Equator be 
paſſed through the Meridian, or till the Index of the hour Circle be moved 2 hours 
25 min. which 1s the difference of Longitade given, and then you will find the Meridi- 
an cut the Ecliptick at almoſt 4 deg. of V : ſo that I ſay, Y 4 deg. is the point of the 
Ecliptick that 15 then culminating at Feruſalem. * | 


PR © B. IX, To find out the ſeveral Poſitions of the . Inhabitants of the 
Earth, the diſtinfion of Shadow, the Different Habitations, &c. 


JE Longitude and Latirude of a place once reſolved on, the Poſition of the Sphere 
you cannot mils of ; for if the place you try for have no Latitude, it muſt of 
neceſlity lie under the e£9warer ; and therefore in a Right Poſition : if it have leſs or more 
Latitude, the Poſition is Oblique ; it the place have go deg. of Latitude, the Poſition is Pa- 
rallel : the Reaſons were told before, and may evidently be d:ſcerned upon the Globe. 

For the Climes and Parallels, and commer the length of the longeſt day, the 
fore-knowledg of the Latitude leadeth you direQly; forthey who are under the «-£qua- 
tor, have their Day always 12 hours, and their Night 12 hours long. Now as each 
Country declines from, the <£quator towards either of the Poles, ſo the Days 
vary their length in Summer, and the Nights theirs 1n Wmter : according therefore to 
the different lengthning of their Days, the Ancients did _— the Earth inco ſe- 
veral portions or parts, which they called Climates and Parallels ; every Clime con- 
tains two Parallels ; ſo that where the longeſt Days are half an hour longer than ac 
the e£quater, the firſt Climate begins ; and where they. are encreaſed an hour longer 
than at thee Aquator, the ſecond Climate begins, which you will find to be at '$ deg. 
24 min. where the ſecond begins; and ſo for any of the reſt, as by the Table in the 
X. Section of this Part. | 

The Treopicks and Polar Circles divide the Surface of the Globe into five parts, or 
ſpaces, which are called Zones, whereof one 15 contained within the Ar#ick Circle, 
another compaſied by the Antar&ick Circle,, and are called the Frigid Zones ; the 
other two lying berween the Ar&ick Circle and Trepich of Cancer, and between the 
Amarfick Circle and the Tropick of Capricorn, arecalled the Temperate Zones ; and 
the other lying between the two Tropicks, is called the Torrid or Mid-Zone. 

Knowing theſe, you may eafily conclude upon the diftiridtion of Shadows : for thoſe 
of the Frigid Zones are termed Periſcii, becauſe there their Shadows have a Circular 
motion. Thoſe of tht Temperate Zone are called Heterofcii, becauſe their Meridian 
Shadows bend towards either Pole; towards the North to thoſe that dwell within the 
- Tropick of Cancer, and the Ar#ick Circle; towards the South to thoſe that dwell within 
the Tropick of Capricorn and the Antar#ick Circle, The Inhabitants of the Torrid 
Zone were called Amphiſcii, becaufe the Noon Shadows according to the time of the 
. year do ſometimes fall towards the North when the Sun is in the Southern Signs, and 

ſometimes towards the Sourb when the Su. is in the Northern Signs. | 


To find out the other diſtintion of Habitation, viz. Anticeci, Periceci, Antipodes. 


Let London be the place; bring it to the Meridian, where you find it to be 51 deg. 
10 min. elevated above the e/£quator, account ſo many degrees of Sourhern Latitude be- 
low the e/£quetor, and you meer with the Antizct (if any be.) Remove London from 
the Meridian 180 deg. and you ſhall find your Perizci under the Meridian where London 
was before, and your Antipedes 15 in the place where their Antizci ſtood before. 


Qqq yz | NAU- 
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NAUTICAL PROBLEMS. 


Here be four things upon which the practice of Navigation is principally groun- 
ded, viz. 1. Longitude. 2. Latitude. 3. Courſe. 4. Diſtance. X 
All which I ſhall handle in the Seventh Book, which treateth wholly of 


NAVIGATION; and therefore in this place I ſhall _ ſhew you the U(> 
of the Globes (both Celeſtial and Terreſtrial) in Working of ſuch Problems as are of 


frequent uſe in that Art. . 
PrRoB. I. Zo find the Latitude. 


I. By the Meridian Altitude of a known Star (ſuppoſe Algol,) 


Ring Algol to the Meridian, and from the Centre of the Srar, downwards, count 
his Altitude 62 deg. and mafk that point upon the Meridian : then bring that 


B 


point to the Sourh part of the Horizon, and you ſhall find the North Pole to be 
elevated 69 deg. 39 min. which is the Latigude you are then in. In like manner, if 
you ſhould oblerve ; 


| d. m. d. m. 
The Bull's Eze,\ Upon the South partt5g: og You would(54 48 N. 
Spica Virgins, of the Meridian, ha-q32 op be in La-g67 31 S. 
he Great Dog ving Altitude 72 o) titnde 34 14 N, 


It. By obſerving of two Stars, one being upon the Meridian, and rhe 
other Riſing or Setting. | | 


Bring the Star which you ſee upon the Meridian unto the Meridian, and there 
holding the Globe faſt, move the Meridian in the Horizon, till you ſee the other Star 
on the Eaſt or Weſt, Riſmg or Setting, as you obſerved it, and then ſhall the Globe 
Rand at the Latitude you are in. | 

So if you ſhould ſee Regu/as upon. the Arridian, and Lyra rifing towards the Ep, 
the Latitude would be found 35 deg. 50 min. | 


III. By the Altitude of two known Stars, being both of them upon the [ame 
| Azimuth or point of the Compaſs. | 


Lay the Quadrant of Altitude, or rather your thin Braſs Semicircle to both the Stars, 
at the proper degrees of - Altitude, as you obſerved them to be in the Heavens ; (for 
the difference of their Alritudes is equal to their diſtance.) Then turn the Globe 
aboutin the Horizon, till the £uadrant or thin Plate of Braſs do touch the Horizon in that 
Azimuth (or point of the Compaſs) on which you obſerved the Stars to be; fo ſhall the 
Globe reſt at IE Laine yOu are In. 5 : | 

So Capella and Scheder, being 20 deg. high, and Scheder 66 deg. high, and 
both of them upon the Nertb-Eaft point of the Compaſs, you will find your {Fig to be 
by this obſervation in the Laritude of 40 deg. o win, North. + 


IV. By the Altitude, Azimuth, and Declination of the Sun, or of a known Star. 


Suppoſe a fixed Star, as that in the Right Knee of Hercules, having 47 deg. 9 71n, ; 


of Declination, ſhould be obſerved at Sea to have 122 deg. of Azimuth from the North 
part. oh he Meridien, and to be 60 deg. high ; and from hence the Latitude were 
Tequired : x 
Sms the Globe to the Star's Altitude 60 deg. and from the Pole count the Com- 
plement thereof 30 deg. to which ſcrew the Quadrant of Altitude : allo counc 
122 deg. upon the Horizon from the North part of the Meridian, and to thoſe de- 
grees bring the Luadrant of Altitude, and there keep it; then turn the Globe about, 
till 47 deg- 9 min. the Star's Declinatios (counted upon the Equinodial Colure from 
the Equino&#ial) do cut-the Luadrant of Alttude, and thole degrees will cut the Qua- 
drant of Altitude 1n 751 deg. 13 min. and that is the Latitude in which you then are. 


\'s By 
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V. By the Sun's, | or a Star's Declination and Amplicude. 


Let the Sun or a Star have 10 deg. of North Declination, and let + | 
thereof at its Riſing or Setting bwokieved to be 57 deg. from the Atop: _ 
Elevate the G/obe to 33 deg. (the Complement of the Amplitude) and count th 
Amplitude it ſelf 57 deg. upon the Meridian from the Pole forward, and thereto ſcrew 
the Quadrant of Altitude, and bring the other end thereof to the Eft or We# Points 
of the Horizon ; then count $80 deg. (the Complement of the Star's or Sun's Declina- 
ziow) from the Pole upon the Equinottial Colwre, and bring thoſe degrees to the Luadrant 

Altitude ; fo ſhall 80 deg. of the Colure cut 71 deg. 24 min. of the Quadrant, and. 
that is the Latitude you are then in. = 


VI. By the Sun's Aſcenſioal Difference, and Amplitude. 


If the Aſcenſional Difference be 27 deg. 5 min.' and the Amplitude 37 deg. 20 min. and 
the Latitude were required ; | | 
. Elevate the Globe ro 25 deg. 7 min. the Aſcenſional Difference, and from the Pole count 
the Complement thereof 62 deg. 53 min. and thereto ſcrew the Luadrent of Altitude; 
then bring the Equinoti:al Colure to the Meridian, and count upon the Quadrant of Ab-. 
zrude upwards, the Complement of the Amplitude 57 deg. 40 min. which degrees 
bring to the Equino#tal, and then. ſhall the Luadrant of Altitude cut upon the Ho- 
_ 51 deg. 30 min. counted from the Eaſt or Weſt, which is the Latitude of the 

ace. 

: And if you count the degrees of the Equino#ial comprehended between the Meri-. 
dian and the Luadram of Altitude, you ſhall find them to be 10 deg. ' 5 min. which is 
the Sun's Northerly Declmation at that time. 


VII. By the Sun's or a Star's Declination, and the Time that be is upon the 
Eaſt or Weſt Points of the Compaſls. | 


Let the Swn or a Star's Declination be: 15 deg. North, and let the Time that the $ 
15 upon the Eaſt or Weſt Points of the Compaſs be 59 deg. 45 min. which in time is 
3 hours 56 min. and hence let the Latitude be required. | 

Elevate the Globe to 15 deg. the Declination, and ſcrew the Quadrant of Altitude to 
75 deg. the Zenith Point ; then count 59 deg. 45 min. or 3 hours 56 min. = hour) 
upon the Horizon from the South, Eaſtward or Weſtward; and thereto bring the 
Onadrant of Altitude : Then look what degrees of the Quadrant are cut by the Equi- 
»oFial, and you ſhall find 28 4. counted from the Zenith, and that is the Latirgde ſought. 

And thus have you ſeveral ways both by the Sun and Stars to find the Latitude at 
any time; 1 will now proceed to fome other Problems for finding the Rumb and 


Diſtance. CITY 


PR OB, Il. Any two places given, to find their Rumb. 


Definition. ] & Lines which a Ship following the dire&ion of the Magnetical 
Needle deſcribeth on the ſurface of the Sea, are called Rumbs, and 
are deſcribed upon the Terreſtrial Globe by certain Spiral Limes ; for the better under- 
ſtanding whereof, I ſhall premiſe theſe few Propoſitions : : 
Firſt, The Needletouched with the Load-Stone pointeth out the common Iriterſetion of 
the Horizon and Meridian;the one end reſpe&ing the North.the other the South,as aforeſaid. 

Secondly, a Circle drawn through the Vertex of any place that 1s diſtant. from the 
e/Equator, cannot cut divers Meridiars at a__ Angles. 

Thirdly, A great Circle drawn through the Vertical Point of any place, and inclining 
to the Meridian, maketh greater Angles with all other Meridians, than with that from 
whence it was drawn. | s 

Fourthly, If we Sail upon any Point of the Compaſs except North or South, we 
often change our Horizon and Meridian. | 

Fifthly, the ſame Rumb cutreth all Meridians of all places at equal Angles, and re- 
ſpe&erh the ſame Quarters of the World in every Horizon. 

Sixthly, The portions of the ſame Ramb incercepted between any two Parallels whoſe 
difference of Latitude is the ſame, are alſo equal to each other : therefore an equal 
Segment of the ſame Rumb equally changeth the difterence of Latitude 1n all places ; 
ſo that 1n an equal ſpace patled in one and the ſame Rumb, one of the Poles is equally 


elevated, and the other depretled. 
Qqq 4 Seventhly, 
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Seventhly, Rumbs though never ſo far continued, do not paſs through the Poles, but 
wind about the Poles until they looſe themſelves. 

Hence you may underſtand if your Ship be direed under the Nerth or South Rum, 
your Courſe will be always under the ſame Meridian; it under the Eaſt or Wet Rumb, 

ou will eicher deſcribe the e£quater, or a Circle Parallel to it : If your Vertical Point 

under the equator, your Ship will deſcribe an Arch or Segment of the Equator ; 

but if your Zenuh or Vertical Point be diſtant from the equator either North or South, 
your Courſe will then deſcribe a Parallel as far diſtant from the Equator, as the 7.,a- 
titude of the place is whence you firſt ſet forwards: Bur if your Voyage be to be 
made under the Rumb which inclineth to the Meridian, your Courle will then be 
neither in a greater or leſſer Circle, but your Ship will deſcribe a kind of a crooked 
Spiral Line. | 

[ Profice,] Find the two places upon the Globe, and when you have found them, ſee 
what one Rumb Line paſſeth through both of them, and that is the Rumb or Point 
of beating of thoſe two places one from the other. So C. de! Gade on the Coaſt of 
Zanguebar and C, Cormorin are both of them found upon the WS I and EN E Rumb, . 
atid that is their Point of bearing, or Rumb required. 

If you can find no one Rwwb that paſſeth through both your places, then you muſt 
look what Rumb Lize upon the Globe runneth moſt Parallel to both the given places, © 
and conclude that to be the Point or Rumb of thoſe two places bearing one from another. 
So if the two places were Seirre Liona in Africa, and the Iſland S. Hellena, if you 
look upon the Globe, you ſhall find no one Rumb Leto pals wongh both the places, 
but that Rumb to which the places lie moſt Parallel, is the NNW and SSE Rumb ; 
and ſo Sierra Lioma beareth from S. Hellena N NW, and on the contrary S. Helena is 
ſituate from Sierra Liona SSE, which 1s the Rumb required. 


PR oO B.. Ill. Having the diſtance Sailed, and the Rumb you have Sailed 
upon given, to find the Difference of the two places both in Longitude aud 
Latitude. | | 

Fj found the Ramb upon which you made your Courſe, make a ſmall mark 

thereupon, for the place you departed from: then from the Equino#ial take the - 
number of Miles or Leagues you have Sailed upon that Rumb (allowing 20. Leagues 
for a deg. and fer that diſtance upon the Ruwb from the former Point made; and at 
| the termination of your number of Miles or Leagues, make a ſecond mark upon 
the Remb -: then bringing the place, or Point you departed from, to the Meridien, 
you ſhall there find the Latiewde of that place or Point, and the Meridian cutting the 

Equinotial will ſhew you the Longitude of that place or Point. Do fo by bring- 

ing the ſecond Point or place to the Meridian, and there ſhall you find the 7 Sorirn 4 

and upon the Equinodial the Longitude of that place or Point, Now if you ſubtract 

the leſſer Latzude from the greater, you have the difference of Latitude ; and the 
leffer Longitude ſubtracted from the greater, gives the difference of Longitude. 


PR o B. IV. Zhe Latitude of two places, and the Rumb that the two places 
bear each from other given, to find the Difference of Longitude of thoſe two 
places, and alſo their Diſtance upon the Rumb. | 


Pratice. VF7Irſt, find the Rumb upon the Globe, and turn the Globe about till that 
Rumb doth cut the Meridian in the Latitude of the firſt place from whence 
you departed, and there make a mark or Point upon the Rumb, and at the ſame time 
fee alfo what degrees of the Equine#:al are cut by the Meridian ; for that is the Longi- 
znde of the firſt point. | 
- Secondly, Turn the Globe about, till the ſame Rumb does cut the Meridian in the 
Latuude of the ſecond place, and there make another mark upon the Rumb ; and allo 
ſee what degrees of the Equino&#ial are cut by the Meridian, which degrees are 
the Longitude of the ſecond Point or place : and the leſſer Longirade being ſubtracted 
from the greater, gives the Difference of Longirude of the two places or Points. 

Then for the Diſtance upon the Rumb, the Diſtance between the two points before 
made, being meaſured upon the Equinetial, and reduced to Miles or Leagues, ſhall 
give the diſtance upon the Rumb. | © q H 
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2 Geographucall Map, by Plamſphere, upon. the Meridian. 
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4 Here note, That the Diſtance upon the Rumb being imtirely raktn and applied ro the 
Equino&tial, will give the diſtance in the Arch of a great Circle, and not really in the 
Rumb,; for the diſtence upon the Rumb will be always greater than the preat Circular 
diff ace : wherefore the better way will be, to take in a pair of Compaſlles, one,. two, 
three (or ſome ſmall number of ) degrees of the EquinoQtal, and run that difance over 
upon the Rumb Line from point ro point 5 and the number of all thoſe returns of the Com- 
_—_— ro Miles or Leagues ) ſhall be the near Diſtance of the two places upon the 
Rum | 4 


SECT, 


Of MAPS ard CHARTS : General and Particular. Their 
| Deſcription, Conſtruftion and Uſe. RX et 


Of Maps or Charts, there are pricipally two Sorts, Univerſal and Particular. The 
Univerſal is that which containeth the whole Surface of the Terrefrial Globe, Land - 
aid n_— upon a Plain Superficies, and this kind of deſcription is properly called 
Geography # Plain. | | | 

The Deſcription of any great Part of the Earth, as of Great Britain, Ireland, 
France, Germany, &c. 1s moſt properly called Hozographp. Pos 
- The Deſcription of any ſmall Parcels of the Earth, as of Counties, Shires, Ham- 
lets, &c. is properly termed Topographp. | 

I. Of Geographical Maps or Charts. 


' The Geographical Map or Chart, containing the whole Terreſtrial Globe, is deſcribed 


* \ 


in Plain after ewo manner of ways, viz. 
Planiſphere. 
Parallelogram. | 
The way by Plani/phere is moſt natural, and that is of two kinds, wiz. 
Meridional. | 
EquinoGial. | : 
And either of theſe require ewo Hemiſpheres to contain the 7/bole. 


I. Of the Meridional, Geographical Planiſphere,” or Projxe&ion. 


In this Projetion the outermoſt Circle repreſents the General Meridian, from which. 
the begmning of Longitude is counted; and alſo chby repreſent the two Solfitial Co- 
lares, The Centre of one Hemiſphere repreſents the Point of the beginning of the 
Vernal, the other of the Autumnal Equmox. And the Right Line pafling Hhroogh 
theſe ewo Centres repreſents the Equino#ial Circle; and if (in each Hem phere) a Rig 
Line be drawn through the Centre, at Right Angles to the Equino&ial two Right 
Lines ſhall be the two Equino&#ial Colures ; the one the Vernal, the other the Autrumnal, 
cutring the EquinoJial in Aries and Libra; as the Meridian Circles doth it in the Solf- 
tial Colures ; namely in Cancer and Capricorn. Eq, 

In this Proje&ionthe General Meridian are two perfedt Circles; and the EquinoGidl, and 
the two Bquinotial Colnres,are ſtreight Lines;and all the ather Meridian are Circular allo ; 
but the nearer they approach from the outermoſt Meridian towards the Colures, the leſs 
Arching they appear : for imagin the Globe of the Earth to be placed in its Horizon, 
ſo that the Pole be in the Zenich, then will the Equino#ial be in the Horizen, and let 
the ewo Equine#ial Points of Aries and Libra be under the Braſs Meridian, then if the 
Globe (in this Poſition). were prefled or flatted together, the Colures will become ſtrei 
Lines drawn from Pole to Pole, and all the other Meridians which are drawn on the 
Globe ar every 19. or 15. degree, will be Circular Arches, all of them concurring oc 
meeting in the two Poles. And the Equine#ial allo will be a ſtreight Line, as hath been 
faid before ; but the two Tropicks, the two Polar Circles, as alfo the other intermediate. 
Parallels, drawn at every 5. or 10. degree fromthe Equinoial towards either Pole, are 
Circular, and grow leſs and leſs, as they approacti nearer to the Poles of the World. 

The Merid:ans, which meet together in the two Poles, are called Circles of Long 
tude, for that by them the Longitudes of Places are counted by the degrees numbered 
upon the Equinotial Line, or Circle. | 

The Circles which are Parallel to the Equino@iel, are called Parallels of Latitude, 
for that by them the Latirndes of Places are accounted, | 
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The Tropicks and the Polar Circles limit out the Zones, the Spaces betwzen the 
North and Soxth Poles, and the Ar&ick and Antar&ick Circles compriſe the two Frigid 
Zones. The Space between the two Trepicks, comprehends the two Torrid Zones ; and 
the Spaces between the Tropicks, and the Ar#ick and Amaritick Circles, contain the 
ewo Temperate Zones. The Ecliptick lies Obliquely between the two Tropicks, cutting 
the Tropicks of Cancer and Capricorn, and the Equinodial 1n the Points of Aries an 
Libra; of this Circle there is no uſe in Geography. And thus. have you the deſcription 


of the Meridional Planiſphere. 
II. Of the Equinodtial, Geographical Planiſphere, or Projeaion. 


In theſe Proje&ioms the outermoſt Circles repreſent the Equime#ial, and the other 
Circles deſcribed upon the ſame Centre, are the Tropicks, the two Polar Circles, and the 
Circles or Parallels of Latitude; by which the Latitude of Places are accounted. And the 
Right Lines drawn from the Centres (which are the Poles of the World) are Circles of Lon- 
gitude, by which the Longitudes of Places are accounted : this Projetion 15 much more 
eaſie to Projef. upon a Plain, than 1s the other before treated of for that it conſiſts 
of perfect Circles, and ſtreight Lines : for if the Terreſtrial Globe were ſet as before, 
the Pole in the Zenith, and the Equincial 1n the Horizon, and the Pole of the Globe-- 
were preſſed, or flatted down into the Equinetial, the Equinetial wall ſill retain being- 
a Circle, and the Compreſſed Pole the Centre thereof, and all the other Parallels of 
Latitude Concemtrick thereunto: but the Meridians (or Circles of Longitude will become 
ſtreigh: Lines , meeting together in the Poles. And let this ſuffice to be ſpoken of 
theſe two Geographical Projettions 1n Plain by Planiſphere, Concerning the Proje&:on 
of which two Plani/pheres, you may ſee more in the Second Part of the Third Book 
hereof, - which Treats of Spherical Projettion, to which I refer you , both for their 
ProjeFion and there Uſe: and now I _ proceed to the Deſcription of the other, vis. 


IF. Of the Geographical Projetion by Parallelogram. 


This 4s: og jou confiits all of Streight and Parallel Lines, both as to the Meridians 
of Longitude, and Parallels of Latitude, but not after the old rude (and ſtill too much 
practiſed) way of Projettmg, imagining the Terreſtrial Globe of the Earth and Water 
to be a real Flat, and fo the Parallels of Latitude and Meridians of Longitude to'be 
in all parts of the World equidiſtant. It 1s true, the Meridians in- all places are equi- 
diftant, but the Parallels of Latitude are not ; for we know, that upon the Globe it 
ſelf, that the Meridians about the Equinottial are equidiſtant ; but as they approach 
nearer to the Poles, their diſtance diminiſh proportionally, till they come to a Con- 
CUrrence in the Pole it ſelf : anſwerably the Parallels, as they are deeper in Latitude, 
ſo they grow leſs and leſs with the Sphere; ſo that at 60 deg. of Latitude, that Paral- 
Hl is but half what a Paralel at the Equmo#ial is, and ſo proportional leſs and leſs 
as the Parallels do approach nearer to the Poles : from hence it will follow ; that if the 
Earth and Water ſhould be deſcribed upon a Parallelogram, whoſe Meridians and Pa- 
rallels ſhould be in all places 'equally diſtant, the Parallel of 60 deg. ſhall be as greac 
as one at the Equino#ial it ſelf; and he that ſhall Coaſt about the World 1n the Paralel of 
60 deg. of Latitude, ſhall have as far to go ( according to ſuch an erroneous Chart) 
as he that Coaſteth about in the Equine#ial Circle, although it be but half fo long; for 
the Longitude of the Earth in the Equino&ial Circle it ſelf, is 21600; but in the Ps- 
rallel of 60 deg. but 10800 Miles. | 

This Error hath been complained of by the Geographers and Nawigators of Old, 
and hath been attempted by many to be reformed, as by Mercator, and others, who 
cauſed the Parallels of Latitude to increaſe as they approached nearer to the Poles. 
Although (I ſay) this Reformation hath been often attempted, it was never brought to 
perfe&ion, till about one hundred years ſince, by a learned Mathematician and Navi- 
gator of our Country, Mr. Edward Wright, who in his Dere&ion of Errors in Navi 
£#tion, hath laid down a familiar demonſtration, whereby the Meridians and Parallels 
may be laid down by ſtreight Lines upon a Parallelogram, to receive the Longitudes and 
Latitudes of Places agreeable to the Globe it ſelf : which demonſtration cannot be ren- 
dred in better terms than in his own words, which take as follow. 

* Suppoſe (faith he) a Spherical Superficies, with Meridians, Parallels, Rumbs, &C. 
"to be inſcribed into a Concave Cylinder, their Axes agreeing in One. Let this Sphert- 
* cal Superficies iwell like a Bladder, whule it 1s in blowing, equally all ways in every 
* pare thereof , (that is, as much in Longitude as Latitude) cill 1c apply, and joyn it {el 


© (round about,and all along alſo, towards either Pole) unto the Concave Superfictes abr 
Cyimaer, 
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* Cylinder , cach Parallel upon this Spherical Superfictes increaling ſucceflively from 
the Equinotial towards either Pole, until it come to be of equal Diameter with che 
* Cylinder : and conſequently, the Meridians ſtill widening themſelves ill they come to 
* be ſo far diſtant every where, each from other, as they are at the Equino#ial., And 
* thus 1t may moſt eafily be underſtood how a Spherical Superficies may by Extenſion 
© be made a Cn, and conlequently a Plain Parallelogram Superficies, becauſe the 
© Superficies of a Cylinder, is nothing elſe but a Plain Parallelogram round about two 
© equal equidift. ant Circles, that have one common Axs perpendicular upon the Centres 
of chem both, and che Peripheries of each of them equal co the length of the Paralle. 
* logram, as che diſtance berween thoſe Circles or height of the Cylinder is equal to the 
* breadth thereof. 

In- this Parallelogram, thus conceived to be made, all Places muſt needs be ſituated 
in the ſame Longitudes, Latitudes, Direton, or Courſes, and upon the ſame Meridian 
Parallels, and Rumbs, that they were in the Globe ; becauſe, tha at every Point berween 
the Equinoctial and the Pole, we underſtand the Spherical Superficies to {well equally in 
Longitude as in Latitude, till it joyn it ſelf to the Concavity of the Cylinder, fo as 
hereby no part 15 any way diſtorted, or diſplaced out of his true and Natural Situ- 
ation upon his Meridian, Parallel, or Rumb, but only dilated, and enlarged : the 1Me- 
ridians, Parallels, and Rumbs, alſo dilating and enlarging themſelves likewiſe, at every 
Point of Latitude 1n the ſame Proportion. | 

Ler this ſuthce for the Reaſon of the truth of this continuance in the Parallelogram 
and for the Map deſcribed upon it: it is divided in the midſt by a Line drawn from 
North to South, for the General Meridian; crols unto this, and*at Right Angles, ano- 
ther Line is drawn from =_ to Veſt for the e-£quator ; and Parallel to that, rwo other 
Right Lmes, tO compleat cnc Parallelogram, Now this way of Projection, though nor 
ſo natural, yet hath it been followed (and ſtill is) by as able Geographers, and cſpe- 
cially Navigators, as this Age affords. 

Theſe are the three Principal ways of Projeing Geographical Maps or Charts of the 
Whole World : Figures of all which I have here (as Precedents) inſerted; As, 


For the manner how they are Projeed, 


I ſhall need ſay nothing thereof in this place, I having done that at large elſewhere 
in this Book; as for the Meridional and Equinottial Planiſpheres, the Projettion of them 
is handled at large in the ſecond Part of the third Book, Entituled, Of Spherical Pro- 
jection, Chap. IIL and Chap. V. And for the Projection by Parallelogram, both in 
Whole and in Part, that I have alſo ſhewed how to perform in the ſecond Part of the 
VII. Book hereof, of Navigation: Of Mercator's Sailing ; and for theſe I refer my 
Reader, to the two forecited Places. 


IV. Of the Furniture of Univerſal Maps or Charts. 


Having thus briefly given you a Deſcription and Sight of the ſeveral Geographical 
Projections ; it reſteth now to ſay ſomething concerning the furniſhing them with ſuch 
things for which they were principally intended : namely the ſeveral Counrries, , 
Seas, &c. to perform which, 1t is requiſite to know the true Longuudes and Latitudes 
of ſuch Countries, Seas, &C. 

The degrees of Latitude are (in all Maps) counted from the Equine#ial, towards 
either the North or South Pole, according as the Place is Situate : the Longitude is 
counted from ſome certain Meridian towards the Eaſt and Weſt : now, which to call 
the Fir/# or General Meridian, I cannot tell, ſome beginning their Longitude at one 
Place, fome at another, ſome at the Fortunate 1lands, ſome at the Canaries, ſome at 
the Azores, ſome at S. Michael, ſome at Corve, ſome at the Pike of Tenerife : ſome of 
which Places differ from other 5, $, or 10 degrees Eaſt or Weſt, 1o that it 1s impoflible 
to find out at what Meridian they begin their account of Longitude ; yet Mr. Richard- 
ſon in his Stare of Europe ſeems to give ſome fatisfattion herein, when he cells you, 
that the Longitudes 1n his Book ſhall be taken from that Meridian which paſleth chroygh 
the Azores : but whether he means that of St. Michael, or that of Corvse, he ſetteth not 
down, and yet the difference of Long:zude between thoſe two, is about ſeven degrees. 
Now in this Contuſion the only way I know for reconciliation 15 this, to ler all 
Perlons who make new Deſcriptions exther of the Whole, or in Parts, not fall to 
let down what Meridian they mean to go by. 

Now therefore, to avoid this miſtake, I have in this Geography begun the Long:- 


tude at St, Michaels, and according to that the Longazudes are reckoned 1n the late new 
| | Terreſtrial 
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Terreſtrial Globes, and ſeveral other Particular Maps, ſer forth by Mr. Holi Arie 
And thus much for the Proje&ion, and furniſhing of Geographical Maps or Charts of the 
W, bole. 


V. . Of Chorographical Maps or Charts. 


I call thoſe Chorographical Maps or Charts, which (as I ſaid before) do contain ſome 
large Part, as Province, Empire, Kingdom, &c. all which are but Limbs or Members of the 
Whole or Univerſal : and being fuch, they may be Projefted in parts, either of the 
Planiſphere or Parallelogram : but by which ſoever of the Proje&ions they are deſcri. 
bed, they are always drawn into a Parallelogram ; and becauſe no Empire, King dow 
' or Province 15 exactly Square, fo much of the bordering Territories are uſually (in the 
vacancies) thruſt in, which do not only ſhew the bounds of the defigned Province 
but fill up the vacant Corners or parts of Sides of the Parallelogram in which it is De- 
ſcribed : and theſe being Parts or Members ſeparated from the 7/hole, ought to re- 
_— great a reſemblance, and to be deſcribed with the ſame. integrity as was the 

0;e. | 

For the Projeting of any Comntry, ' the firſt thing to be conſidered is the Extenſion 
of the intended Part, in Longitude from Eaſt to Weſt, and in Latitude from North to 
' Seuth : which two extreme Parallels of Longitude and Latitude are firſt to be deſcribed 
in Plain, in their due places as they are in the Globe it ſelf, and they being deſcribed, 
the other (every 5. or 10. degree,) of the intermediate Parallels of Longitude and La- 
titude are to be drawn quite over the Parallelogram, with Circular Parallels of Longi- 
tude and Latitude, if it be part of the Meridional Projefion; or with Circular Parallels 
of Latitude, and ſtreight Lines for Longitude, if itbe part of the Equino#ial Planiſphere 
Or Projettion : or both Parallels of Longitude and Latitude, ſtreight Lmes, if it be part of 
'the Geographick Chart by Parallelogram. 

And now by way of Advice, I would wiſh that ſuch as deſcribe or projet Maps 
of any conſiderable part of the Whole, that they would confider what Proje&ion is 
fitteſt to make choice of for the Pare he intends ; for my own part, I ſhould do as 
followeth, viz. | 

1, If the Part to be deſcribed ſhould lie between the Tropicks, not exceeding 23 or 
24 deg. in Latitude on either fide the Equine&#:al, and all onthe North, or all on the 
South ſhde thereof : I would make uſe of the Equino#ial Planiſphere or Projedion ; be- 
cauſe in that both the Parallels of Longitade and Latitude are at their greateſt diſtance, 
and fo the Countries may be the more exactly inſerted according to their true Longitudes 
and Latitudes. 

' 2. If the Part to be Projedted do lie, one part thereof on the North, and the other 
part on the South f1de of the Equmetial, I would then uſe the Meridional Proje&ion or 
&i—x9my becauſe the Paralels of Longitude and Latitude are there at their greateſt 

iſtance. - 

2. If the Part lie between the Tropicks and the Ar#ick or AntarFick Circles, I would 
then make uſe of the Meridional Planiſpbere, or Mercator's, ( alias, Mr. Edward Wright's 
Proje&#ion) by Parallelogram. And, | 

4. If the Parr lie between the Ar#ick or Antarfick Circles, and the Poles, then the 
foreſaid way of laying down by Parallelogram is of all other to be embraced. 


#. VI. Of Chorographical Maps or Charts. 


Suppoſe I would Deſcribe a Chorographica! Map of Europe, upon part of the 4eri- 
dional Projeion ; I firſt confider that the neareft Latitude of any part of Emrope to- 
wards the Equino#ial is about 29 deg. and the greateſt Latitude is 91 deg. and the diffe- 
rence of Longitude between the moſt Eafterly, and moſt Weſfterly Parts of Emrope, 15 
70 deg. alſo, Wherefore I deſcribe thoſe Parallels of Latitude, and Meridians of 
Longitude as they are (according to the Laws of Proje#ion)) to be deſcribed, which 
done, incloſe the ſaid Meridians and Parallels within a Parallelogram, as is the Paralle- 
logram A B C D, extending the Meridians of Longitude from de to fide of the Pa- 


rallelogram, writing North. (or Septentrio) at the top, and South (or Meridies ) at the bot- 
tom, and number them, both at top and bottom, with ſuch degrees of Longitude as 
they are from (St. Michaels or) the General Meridian. 

Likewiſe deſcribe the Parallels of Latitude from fide to fide of the Paralelogram, 
writing Oriens (or Eaft) on the right ſide, and Occidews (or Weſt) on the letr lide, 
numbering them on both ſides with 30, 35, 40, 45, 59, 55, 60, 65, 79, fo far as your 
greateſt Northern Latitude doth extend. 


Then 
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Then ſet in the Principal Kingdoms, and other eminent Places,-according to their 
true Longitudes and Latitudes, incompaſling them with Sear, Rivers, Bays, &c and 
alſo all Ilands, Capes, &c- as in the Figure. 
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VIL Of Topographicat Maps or Charts. 


For Topographical Maps or Charts, they may very well be deſcribed in Plano, by 
laying down the places in them contained, in equal Parts both in Longitade and Lati- 
ws - Miles and parts of Miles, asin this Topographical Map of Middleſex ; here 
Inierted, | o : 
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VIII. Concerning the meaſuring of the trug Diſtance of Places upon Maps, 


The difference of Miles in ſeveral Coungries 1s very great ; but let it be enough to 
know, that the Englh and Iralian Miles are reckoned as all one; Four Engliſh make 
one German Mile; Two a French League; Three and ſomewhat more, a Spaniſh 
League : The Suediſh or Daniſh Mile contains five Engliſh Miles, and ſomewhat more. 

And as the Miles of ſeveral Countries do very much differ,ſo thoſe of the ſame Country 
do not very well __ and therefore the Scales which they commonly put into Maps 
are threefold, and written upon with Magna, Mediccria, Parva, to ſhew the diffe- 
rence; and the meaning 15 this, that you ſhould meafure the Milliaria magna upon the 
longeft Scale, the Parvaupon the uppermoſt, and the Mediocria upon the middlemoſt ; 
but the beſt (or all) of theſe are very uncertain. 

And therefore, laying afide this, and the like uncertainties, I ſhall here ſhew a '* 
way whereby you may know the true diſtance between any two Places whoſe La- 
titudes and Longitudes (or difference of Longitudes rather) are known, let the Map be 
projetteh by any of the formentioned ways, or any other, but not by taking the di- 
ſtance between them in your Compaſſes, as is uſual, but by another Arrtifice, which with 
a very ſmall trouble by one Univerſal Scale, and a plain Semicircle ( undivided) ſhall 
gwe the true diſtance between any ewo Places howloever fituate upon the whole 
Terreſtrial Globe, according to the Arch of a Great Circle ; which of all other ways is 
the moſt conſentaneous to Truth, and therefore moſt exad. 

How to perform this upon the Globe it ſelf, is before ſhewed in the V. Propoſition of 
the Uſe of the Terreſtrial Globe ; but the way here is much different : and the Scale may be 
put into ſome ſpare place of any Map, or one that hath much occaſion for this Work, 
may have orie made in Wood or Braſs, (or may make one upon good Paſtboard him- 
ſelf ) to lie conſtantly by him for that purpoſe : for the ſame Scale will ſerve all Maps. 

Bur before I ſhew you the Deſcription and Ule of the' Scale, rake notice of theſe 
Rules following. | = 


— a 
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I. If the two Places be both of them fituate under the Equino#ial, then the 
difference of _— converted into Miles (by multiplying them by 60) is the di- 
ſtance berween the two Places. 

IL If the ewo Places lie in the ſame Latizude, and on the ſame fide of the Equi- 
nottial, the degrees contained between the rwo Meridians which paſs through che rwa 

| Places, multiplied by 60, 1s the diftance. - 
| III. 1f the two Places leunder the ſame Meridian, and both on the ſame fide of 
| the Equino&ial, the difference between the two Larirwdes, multiplied by 60, is the 


diſtance in Mes. ; 
IV. If the two Places lie under the ſame Meridian, and on different ſides of the 


Equino#ial, the one on the North, and the other on che South, the ſumm of the two 
Latitudes, multiplied by 60, 1s their diſtance in Miles. | 


| The Deſcription of the Metrical Scale. 


The Scale 15 no other than a Scale of Natural werſed Sines, as A B, numbered from 
A towards B, by 10,20, 30, &c. to 180, at B, (for greater difference of Longitude 
can no two Places have) upon the middle whereof ar 9o deg. upon the Point C, de- 
ſcribe the Semicircle ADB, at the end of the Scale at A, let there be fixed a ſmall 


Silk or Thred : and this is all che Inffrument or what is to be uſed with it belides the 
Compaſſes : Thus much for the Deſcription 


7Zhe USE of the Metrical Scale. 


-E T the two Places propoſed be London and Feruſalem, both lying in Norch L4- 

— titude, but the difference of Longitude between them 1s 38 deg. 30 min. Now by 

knowing the two Latirudes, and the difference of Longitude, their true Diſtance (ac- 
cording to the Arch of a Grear Circle) may be known by this General 


RULE. 
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nd the Summ #nd Difference of the Complements f the Latitudes of the two given 
Places, and with your Compaſſes take the diſtance between them upon the Scale, /er 
that fn upon the Semicarcle from the end of the Scale ; and to that Point lay the 
Thread, keeping it there by laying your Finger upon it : Then ſet one Foot of the Compaſſes 
in the Difference of Longitude, and with the other take the neareſt diſtance to the Thread, 
then ſetting one Foot of that diſt ance upon the Scale at the Difference of the Complements 
of the ro Latitudes, the other Foot will reach forwarder, upon the Scale, to the degrees of 
the diſtance between the two Places. 
Example : Let the two Places be London and Feruſalem. 


; London 1s. = 302 | 18 20 
The Latitude of ?Fernfalam is 32. 00 Complement 4 


The Summ \ 96 30 


The Difference of Longitude 47 deg. The Difference 19 | 30 


- 


Firſt, Set one Foot of your Compaſſes in 19 deg. the Difference, upon the Scale, and 
extend the other to 96 deg. 30 min. the Summ, ſet this Diſtance of the Compaſſes from 
the end of the Scale at B, upon the Semicircle, to D, then ſetting one Foot of the 
Compaſſes 1n 47 deg. (the Difference of Longitude) turn the other about till 1t do buc 
only touchthe Thread A D; then ſet one Foot of that Diſtance in 19 dep. 3o min. (the 
Difference of the Complements of the two Latitudes) the other will reach forwarder upon 
the Scalz to 39 deg. 14 min. the Diſtance, which turned into Miles is 2354. And 0 
for any other two Places howloever ſtuated, 


The End of the Third Book. 
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Book V. 


TRIGONO METRY. 


The Doctrine of the Dimenfionof Plain 
and Spherical TRIANGLES. 


In Three PARTS. 


I. ArxiTameTICALLY : By the Triangular CANON 
of Sines, T angents, and Logarithms. 


1L GEOMETRICALLY : By Scale and Compaſſes, And, 


IT. InsrrRumeENTALLY : ( 1) By Logarithmical Scales. 
(2) By the Globe. (3) By the Catholick Planiſphere, 
or ANALEMMA. 


Ca... 


By WILLIAM LEYBOURX, Philomath. 
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Printed Anno Dom. M DC XC. 
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CHAP. L 
Of Definitions and Aﬀetions of Triangles. 


F Tr:angles there are two kinds, Plain, and Spherical; either of which do 
contilt of Six Parts, namely, of Three Sides, and as many Angles. 


1. A Plain (or right lined) Triaugle, confiſteth of three Sides, and as many Angles, and Fig.l. 
ſich are the two Figures ABC, and DCB in which, inthe firſt, AB, B C, and 
GA are the three Sides of the Triangle ABC: And CAB, ACB, and CBA, 
are the three Angles of the ſame Triangle A BC. And here you are to Note, that an 
Angle, in any caſe, w noted with three Letters, the middlemoſ# whereof reſpeFeth the An- 
gular Point. So in the Triangle ABC, It I would expreſs the Angle at C, I would 
ſay the Angle A CB, or BCA. — Allo in the Second Triangle DBC, the Lines 
DC, DB, and CB, are the Sides of the Triangle DBC. Allo the Angles DCB, 
CBD, and BDC, are the Angles of the ſame Triangle D B C. 

2. Any two Sides of @ Triangle, are called the Sides of the Angle contained by (or com- 
prehended batween) ibem, as the Sides BC and CA are the Sides containing the 
Angle BCA. | : 

3- Every Side of a Triangle u the ſubtending Side of that Angle, which s oppoſite un- 
tot. As 1n the Triangle ABC, BC 15 the ſubtendin Side of the Angle CA B; 
the Side B A ſubtends the Angle BCA; and the Side CA ſubtends che Avgle 
CBA. The preate/? Side always'ſnbtendeth the greateſs Angle; the leſſer Side the © 
leſſer Angle ; and equal Sides ſubtend equal Angles. | 

4+ The Meaſure of an Angle us the Arch of a Circle, deſcribed upon the angular point, 
and intercepted between the two Sides containing the Angle ; (increaſing the Sides if weed be.) 
As in the Triangle A B C, the meaſure of the Angle. CB A 1s the Arch O P, or CF. 

5. Every Circle - divided imto-360 degrees, and every degree into'69 minates, &C. which 
degrees are {o much the greater, by bow much the Circle is greater ; and thoſe Arches which 
contain the ſame number of degrees in equal Circles are equal ;, but im unequal Circles they 
are termed like Arches. As the Arches CF and DE are equal, being equal parts of 
the ſame Circle: But the Arches CF and OP are like Arches. For Example, 

As CF is 4o parts in the great Circle DEFC, fois OP 4o parts 1n the leffer Circle 
P OG. | 

6. A Luadram (or Quarter) of a Circle, is an Arch of 99 degrees , as is the Qua- 
drant or Arch H F. : - 

7. The Complement of an Arch leſs than a Quadrant is, fo much as thats Arch — 

Rrr 2 
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of 90 degrees, As the Complement of the Arch CF 40 degrees, is the 4rch CH 
o deg. 

£F 8. The exceſs of an Arch greater than # Quadrant, is ſo many degrees as that Arch ex- 
ceedeth If . As the 4x -D H C;bging 140 deg. is the Arch p50, 59 degreeg, 
more i a Qadring, ef 7 EE 5.80 0p 

g. A Semicircle is an Arch of 180 degrees. | | 

10. The Complement to a Semicircle, of an Arch leſs than a Semicircle, is ſo much 25 that 
Arch wanteth of 180 degrees 5 as the Complement of the Arch DH OC 140, is the Arch 
CF 4o degrees. 

I1. The oppoſite Angles made by the croſſing of two Lines are equal. As the Angles 
| Fa F, and DBE are equal, and fo alſo are the Angles E BF, and DBC. Euclid 
Lib. r. Pr. 15. 

I2. An Angle is ether Right or Oblique. ; | 

13. A Right Angle is that whoſe Meaſure is @ Quadrant or go degrees, as C AB. 

14. An Oblique m_ is either Accute or Obtuſe. | | 

T5. An Accute Anple is that whoſe meaſure is leſs than a Quadrant, as the Angles BCA 
and CBA; in the Triangle ABC. | 

16. An Obtuſe Angle is that whoſe meaſure is more than a Quadrant. As the Angle 
DBC. | : 

17. The Complements of Angles are the ſame as the Complements of Arches. 

16. All Angles coming (or meeting) together upon any right Line, all of them being 
taken together are equal to rwo Right Angles. As the Angles HBD, HBC, and CBE, 
meeting all together in the Point B, upon the Line DF, ace equal to the two Righe 
Angles, DBH and HBE. 

19. A Triangle hath ſome of its Sides equal, or elſe they be all unequal. 

20. A Triangle of ſome equal Sides, # either Equicrural, or Equilateral.. 

21. An Equicrural Triangle, i that which bath only two equal Sides, As the Triangle 
DBE ; the Sides BD and BE being equal. | | 
22» An Equinottial Triangle is Equiangled at the Baſe : And if in ſuch a Triangle, a 

Perpendicular be let fall from the meeting of the equal Sides, 1t cutteth the Baſe, and 
the Angle oppoſite to the Baſe into ewo equal parts. As in the Equicrural Triangle 
DLC (Fg. 1.) the Perpendicular D A cutteth the Baſe CL in two equal Parts in 
A, and allo bile&eth the Angle CD L, (from whence ic is let fall.) 

'23. An Equilateral Triangle us that whoſe Sides are all equal ; and whoſe Angles con- 
tain each of them 60 degrees. As the Triangle BEK ; whole Sides BE, BK, and E K, 
are = equal, and whoſe Angles EBK, EK B andBEK do contain each of them 
60 deg. | 

hs Triangle i Right Angled or Oblique angled. | 

25. A Right angled Triangle is that which hath one Right Angle, as the Triangle CB A, 


Right angled at A. | 
26. An Oblique Angled Triangle, is that which bath all its Angles Oblique, As the Tri- 


angle D BC. | 
27. An Oblique angled Triangle is either Acute angled, or Obtuſe angled. 
28. An Accute angled Triangle is that which hath all its Angles Accute. As the Trian- 


le BDE. | 
s 29. An Obtuſe Angled Triangle is that which hath but one Obtuſe Angle, As the Tri- 


angle D C B, Obtuſe angled at B. | 
CHAP. IL 


Of certain Geometrical Theorems, for the better 
Y underſtanding of the Dorine of Plam (or Right 
Lined) 'Triangles. 


 Fig.IL. I. Ff a Right Line do fall upon two Parallel Right Lines, 3? maketh the alter- 


nate Angles equal. 


A S the Right Line P Q,falling upon the two Paralle! Lines LM and NO,doth make 
the alternate Angles equal. As the Angle P R M equal to the Angle NSQ; 
And PR L equalto Q S O. Eucl. L. 1; P. 29. | 
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Il. If divers Right Lines be cut by divers other Right Lines, which are Pa- Fig. HI. 
rallel oxe to the gther, the Segments are proportional, 


Let the two Lines R S and R T be cut by the four Parallel Right Lines, V, X,Y,7Z. 
I ſay then the Interſegments R # and R 6, as alſo « T and bS, are proportional ons 
ro the other. For if R @ be one third part of RT, R6 ſhall allo one third 
part of R S. &s. Becauſe, the Righe Line « X cutteth off one third part of the Space 
AVTZ, and therefore it cutteth off a third part from every Line drawn within that 
ſpace. 


I. Jf two Right Lines be multiplied into one another, there is made of them 
a Right Lined Parallelogram. 


Let the wo Sides to be multiplyed be A 7 and Bg. If of the Line A. and B « Fg. 1V. 
rectangled Parallelogram be made, it will be ſuch a Figure as CDEF:; Or A No " Pig. 1 


B yg be mulcplyed each by other, the Product will be 63. and fo many little Paral- 
lelograms are there contaimed in the Larger Paralelogram C DEF. 


IV. If rwo ReCtangled Figures be made of one of the Sides of that Figure, 


and of any two Segments of the other Side of the ſame Figure, thoſe 
two Parallelograms added together, ſhall be equal to that F >.a00s 4 


So if the Parallelogram G LIM, be made of the Side Bg, and of a Segment of the 
other Side, namely of 4, that Paralclogram ſhall produce 36, for 9 times 4 1s 36. And 
if another Paralle/ogram ſhall be made of the whole Side A 9, and the other Segment 
of the other Side B 5, namely 3, they will produce the other Paralelogram,L HM K 27, 
for three times 9 is 27. And theſe two Parallelograms 36 and 27 added together,do make 
63 equal to the firſt. | 


V. If four Right Lines be proportional, (that is, as the firſt is to the ſecond, 
ſo is the third to rhe fourth,) the Right Angled Figure made of the 
two Means (or middle terms) ſhall be equal to the Reftangle Figure 
made of the two Extreme terms. 


Let there be 4 Proportionals, as N 4, O6, P8, Q 12. I ſay that the Right angled Fig. V- 
FixgureR S T V, made of the ewo Means O6 and PS8, ſhall beequal to the ReFangle 
Figure R. XY 4, made of N 4, and Q 12, the two Extremes: For as 6times'$ "p: 
ſo is 4 tires 12 48: And from hence wall follow this, | 


CONSECTARY. r. 


If four Right Lines (or Numbers) be proportional, if three of then be given, the h 
P; I petiy, For the Rettangle Figure,made of the two Means, being divided foams 
of the Extremes, the Quizient ſhall be the other Extreme: As the Rettangle Fi 
gure made of the two Means,6 and 8, 1548 ; this divided by 4 the leſſer Extreme; ſhall 
ive you 12 the greater Extreme; — or if the proportional terms given had been 
y tranſpoſition + , 8, 6, and 12. The Ref#angle' made of the Means'8 and 12 
would be 48 ; which divided by 12, the Quotient will be 4, the other Extreme. 


CONSECTARY. 2. 


Hence alſo it followeth, That. equal Right angled Figures blve their Sides reciprocally 
proportional ; that is, as the leſſer Side of the firlt Figire, to the lefler Side of the 1e- 
cond ; ſo is the greater Side of the ſecond, to —_— Side of the firſt, &+ contrs. 
As in the equi-re angled Figures RSTU, and X Y ZZ appeareth, For, 


AsRT:isto XY:: Sos XZ: toRS 
6 4 Or 1s 8 
ASXY:istoRT::SiuRS:toXZ4A 
4 6 8 12 
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1 If three Lines or Numbers be proportional, (that is, as the firſt is to the 
ſecond, fo ſhall the ſecond be to a fourth,) the Squarg made of the 
Means, is equal to the Oblong made of the Extremes. 


As let the Proportional numbers be 4 — 8 — 8 —- the Proportion will be 
As 4 #to8$:: (08 @ 16. | | 
So the Square of the two Means $ is 64, ſo alſo is the Oblong made of the Ex- 
fremes ; for 4 times 16 1s 64 allo. 


Fig. III. VIE. a Plain Triangle , a Line drawn Parallel to the Baſe cutteth the 


Fig. VI. 


Sides thereof proportionally, 


| Asinthe Plain Triangle R TS, if c d be parallel tothe Baſe TS, it cutteth off from 
the Side R'S one third part: And alſo it cutreth from the Side R T one third pare 
alſo; by the 2 of this Set?: And ſo they ſhall be proportional. 


For ASRT:toRS::fois Rc: toRd. Allo, 
AsRc:tocT::ſois Rd: todsS. Alfo, 
AsRc:toRd:: ſloiscT: to d & 


VIIR If divers Plain Triangles be compared together : All Equiangled Tri- 


 portional ; and the contrary. Eucl. Lib. 6. Pr. 4. + yo 
For Illuſtration. 
(1) Let ABC and ADE be two Plain and Equiargled Triangles ; ſo as the Aw- 


| gles at Band D; at Aand A; andalſo at C and E be equal one to another, each 


co its correſpondent : I ſay their Sides about the equal Angles are Proportional: Fo 
UC AS:2&@ BC::orkD:wbt wy " 
2 As AB:6to AC:: fois AD : to AE. 
2 As AC: is toCB::fois AE : to ED. 


For Demonſtration hereof. 


2+ Becauſe the Angles BAC, and DAE are equal, therefore if AB be applied 
to AD: then AC ſhall of neceflity fall in A E; and by ſuch application ſhall ſuch a 
Figure be made. 


In which Figure, becauſe that A B and A C do meet together ; and alſo the 7 | 
all 


at Band D, and atC and E are equal, therefore the other Sides BD and DE 
be Parallel, (by the 1. of this Setion: ) But in a Plain Triangle, a Right Line Paral- 
lel ro the Baſe cutteth the Sides proportionally, (by the 5 of this Se&. ) Therefore, in the 


Triengle A D E, the Right Line B C, being Parale/to the Baſe D E, cutteth the Sides 


AD aid A E proportionally ; and thence ic follows, that 
ASAB:toAD::lo AC: to AE. 

(3) Again, by the point B, let the Right Line BF be drawn, Parale! to the Baſe 
AE, and it cut the other two Sides D E and D A proportionally, in the points 
Band F, (by the laſt) and the proportion will be, 

ASAB:to AD::ſos FE: to DE, or, 


ASAB:toAD::ſois BC: to DE. 
For FE and BC are equal (by the 2 of this Se&ion.) And fince it is, that 
As AB:&toAD::fos AC: to AE, 
And ſo BC to DE; they ſhall alſo be 
AsSAC: iso AE :: fois BC : to BE. | 
_ thoſe two things whuch are agreeable to a third thing, are agreeable ons to 
anorner. | 


Therefore it generally follows, 


1 AS AB: 6toAD;: ſos BC : to DE. 
2 As AB: 6toAD:: fois AC: to AE. 
3 ASAC: 5s to AE ;:; fois BC : to DE. 


' angles have their Sides about (or containing) rhe equal Angples pro 
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Or by tranſpoſition of the ſecond and third terms of the proporti _ 
y : ASAB:isto BC :: fois AD: toDE. proportion, thus 

2 AsAB:sto AC::; lon AD: toAEF. 

3 ASAB:soBC:: lov AE : wo DE. 


And thus it 1s domonſtrated, that all Plain Equiangled Triangles (as theſe A B 
and A DE are) have their Side comprehending the equal A Hs C 


IX. Tf ſeveral Plain Triangles (how many ſocver) Ze compounded, and be 
cat with Paralle] Right Lines ; the Incerſegments are proportional. 


As thus, 


It the two Triangles H FI and I F K be compounded, and be cut with the Paral! 
Limes GLM and HIK; their Interſegments are proportional. For, 
As GL:is oHI:: fois LM : ro IK. Or, 
As (GL : 6toLM :: ſos HI : to IK. (bythe 2 or 5 of this Se. ) 
For the Triangles FGL are F HI are Equiangled (by the 1 Se&.) becauſe G L and H 1 


are Parallels: Therefore, | 
DE: AzFL to Fl:: ſos GL : to HI: (by the 7 of this Sea.) But (by the 
me. | 


AsFL : toFI :: fois LM : toIK. And thoſe that are agreeable to 


2 third are alſo agreeable between themſelves. Therefore, 
ASGL : isto HI :: fois LM : toIK. &c. 


X. HIf any one Side of a Plain Triangle be continued, the outward Angle (made 
by that continuation) 2s equal to the two inward and ons a Angles 


of the ſame Triangle. 


If in the Plain Triangle N OP, the Side NP be continued to Q : The outward 
Angie OP Q ſhall be equal to the ewo inward Angles O NP, and NOP: For, 
' If from the point P a Right Line, PR, bedrawn Parallel to NO, the outward 4n- 
ge OP Q ſhall be compounded of the Angles O P R and R P Q. But the Angles R PQ 
and R PO are equal to the two inward oppolite Angles ON P, and NOP; that is to 
 fay, the Angle RPQ to the Angle ON P, andthe Angle OPR to the Angle NOP, 
(by the 1 of this Setion,) becaule of the Parallels NO and PR : And therefore the 
Angle OPQ is equal to the two inward and oppolite Angles, ONP and NOP: 


Which was to be demonſtrated. 


Xl. The Three Angles of every Plain (or Right Lined) Triangle, are equal 
to two Right Angles. 


As in the Plain Triangle NOP (Fg. VIIL) I ſay the three Angles, NOP, PNO, Fi; VIII. 


and O PN, are together equal to two Right Angles. 
For the Angles meeting in one point, in one and the ſame Line, are equal to two 


Right Argles, (by the 18 of Sect. 1.) 

But the three Angles, NOP, OPN and ONP, are equal to the three Angles, 
meeting in the Point P upon the ſame Line NQ; For the Angle OPN 1s 
common to both, and the Angles RPQ and R PO are equal to the Angles ONP, 
and NOP, (by the laſt; therefore the three Angles, NOP, OPN, and ONP, are 


equal to two Right Angles. | | 
And from hence will follow theſe Corollaries. 


. That there can be but one Right, or one Odtuſe Angle *: any Plain Triangle. 
. And if one Angle be either Right or Obtule, the other rwo ſhall be Acute. 
. That the third Angle of any Triangle, 5s the complement of the other two, to two 


Right Angles. | 
4. That if two Triangles be Equiangled in any two of their Angles, they are wholly 


Equiangled, 


tI bay 


+I 
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XII 71s every Right Angled Plain Triangle , rhe Square made of the Sidz 
which ſubtendeth ( or is oppolite to ) te Right Angle, ſhall b- 
equal to both the Squares wich ar? # ale of the two Sides which fub- 


tend the Right Angle. 


Fig. IX. As in the Plain Right Angled Triangle SV T , Right Angied at T; I ſay the Sides 
ST and TV including the Righe Angie ST V, are equal in power to the H)potenuſe 
V S: that is, the Squares of the SidesS T and V T, namely,the Squares ST W A,and 
V T BC, added together, are equal to the Square of the Hypotenuſe V S, to wit, the 
Square Y X V'S. | 

For, if from the Rigbt Angle at T, be let fall the Perpendicular T AZ, then out of 
the Square ZY VS is made ewo refangle Figures ASY Z and AZXV; the Retar- 
gle (or Oblong) ASY Z equal. to the Square SW T X, and the Refargle AV x7, 
equal to the Square ; © BC: —— and therefore the Square VXY Ps COMPoun- 
ded of thoſe two Oblongs, 15 equal to the rwo Squares VT BC, and SW TX. 

But that the ewo Oblm sAZYSandAVXZ areequal to the two Squares SWT X, 
and V T BC ſhall thus be proved. | 

If three Right Lines be proportional (as by the 6 of Set. 2.) The Square of the Means 
& equal to the Oblong made of the two Extreams : But the three Right Lines, S Y, (equal 
to SV,) ST, and SA, are proportional ; that 15, 

As SY (equaltoSV) istoST :: foisST : toSA; therefore the Square of ST 
15 equal to the Oblong made of SY (equal toSV) and SA; for the Triangles ST V 
and T AS are Equiangled, becauſe of the common Angle at S, and the two Right 
Avgles T and A : Therefore (by the 8 of SeR. 2.) 

As SV: 5toST :: ſosST : toSA. : 

In the ſame manner it is alſo proved, that the Oblong V X Z A 1s equal to the Square 
V TBC; for the Triangles TSA and ATV are Equiangled, becaule of their com- 
mon Angleat V, and the two Right Angles at T and A: Theretoce, 

ASSV:istoTV:: fois TV : to AV. 

And ſo (by the 6 of Sea. 2.) the Square of T V is equal to the Oblong XZ VA: 
foyich was to be demonſtrated. 

Hznce u followeth : That, | | 

If in a Right angled plain Triangle, any of the two Sides be given, the third may 
be ſaid to be given alſo ; 

As, if the two Sides including the Right Ample T V 8 and TSs, their Squares 64 
and 36 being added together make 100, che Square Root whereof is 10 for the third 
Side (or Hypotenuſe) V S. On the contrary if the Hyporenuſe 10, and one of the 
containing Sides ST 6 be given, ſubtra&t the Square of 6 wiz. 36, from the Square 
of 10. viz. 100, the remainder will be 64, whoſe Square Roor 1s $ tor the other con- 


. taining Side V T, 


XIIl. 7» a Plain Right Angled Triangle, the one of the Accute Angles is 
the Complement of the other (by the 11 of Set. 2. ) and may thus 


be proved. 


In the Plain Triangle B A C (Fig. 1.) Right Angled at A, the one of the accute An- 
ples ACB, is equal to the Awgle CBH (by the 1 of SeRt. 2.) becauſe of the Parallels 
H Band CA. But the Angle HBC 1s the complement of the Avgle C B A by the 
Work , therefore the Angle BCA, is the Complement of the Angle CB A, which 


was Oc. - 


XIV. If a Plain Triangle be inſcribed in a Circle, the Angles oppoſite to the 
Crrcumference, are half as much as that part of the Circamference, 
which is oppoſite to thoſe Angles ; Which may be thus demon- 


ſtrated. 


In the Triangle C DL (in Figure I.) from the Angle at D, let the Diameter DBE 
be drawn. And from the Centre B, to the Circumference, let the two Radii BC 


and BL be drawn. 1 ſay, the divided Angles LDFand CDF are the half yr wc 
| ngles 


" —_—— ; 
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Angles divided LBF and F BC: For the Ang/es L DB and DLB are equal, (by the 


2 of Sect. 1.) And the Argle LBF equal to the Angles LDB and BLD added 
cogether, (by the 10:b of Se. 2.) Theretore the Angle LBE is double to the An: 
gle LDE. Allo, « 

The Arg/es BDC and BCD are equal, (by the 3 of Sea. 1.) and to both theſe to- 
o2ther, is the Angle CBF equal (by the 10th of Sect. 2.) Therefore the Angle FBC 
15 double to the Angle F D C. 

Now, becauſe the parts of the Angle L BC are double to the-parts of the* Angle 
LDC, therefore allo the whole Any/e LBC is double to the whale Angle LDC, 
and thereupon the Argle L DC is -half of the Ang/e LBC, and conſequently of 
half the Arch LF C, which 1s the meaſure of the Angle LBC: Which was to be de- 
monſt rated. | 


— —— 
— — 


CHAP. II. 


( oncerning Sines, Tangents and Secants, by which 
the Angles of Right Lined, and the Sides and 


Angles of Spherical Triangles are Mea- 
ſured. 


0 HE Menſuration of Triangles is by knowing any three of the Six parts of which a 

Triangle conſifs (as of three Sides,and as many Angles (by the 1 of the 1 Se.) 
whether Sides or Angles, or both, to find out any of the other parts of the Triangle, 
whether Sides or Angles. | 

2. And this 1s performed by the Rule of Proportion, (commonly and deſervedly) called the 
Golden Rule of Aricthmetick) which teacheth of Four Numbers proportional one to another, 
any three of them being given, to find out the fourth. 

3. So that for the Meaſuring (which 1s allo called the Reſolving ) of Triangles, there 
muſt be certain Proportions of all the parts of a Triangle one to another, and thoſe Pro- 
portions explained in Numbers. Bur, 

4+ The certain knowledge of the proportions that all the parts of a Triangle have one to 
another, is not yet known; for that every crooked Line in a Triangle (as the Meaſures of 
the Angles in all Right lined, and the Meaſures of Sides and Angles in @ Spherical Trian- 
gle are) muſt be reduced to a Right Line, @ Proportion for which was never yet found. 
But, | 

5. Crooked Lines are nearly reduced to Right Lines by the definition of the quantity 
which Right Lines applied ro @ Circle, bave in reſpeft of the Radius (or Semidiameter) 
of the Carcle. | ; s 

6. The Right Lines applied to a Cucle are Subtenles (or Chords) Sines, Tangents,and 
Secants. 

7. A Subtenſe (or Chord) js « Right Line in{cribed in a Circle, dividing the whole 
Circle into two Parts, and ſo ſubtendeth both the Segments, 

8. Subtenſe in a Circle is ezther the Greateſt, or not the Greateſt. | 

g. The Greateſt Subtenſe is that which divideth the whole Curcle into two equal Parts 
or Segments (which Subtenſe doth always paſs through the Centre of the Circle) and ſo 
ſubtendeth both the Segments or Semicircles. 

10. 4A Subten(e zot the Greateſt zs that which dividetb the Cucle into two unequal parts, 
(or which paſſeth not through the Centre of the Circle;) and ſo on the one Side ſubtendeth 
an Arch leſs than a Semicircle, and ow the other Side an Arch more than 4 Semicurcle. 
As in Fig. I. 

The Rivbs Line D F, divideth the Circle into the ewo Semicircles D H F and DEE, 
and this Subtenſe DF is called the Demeter of the Circle. 

And the Right Line D C, which on the one Side ſubtenderh the Arch DH C, leſs 
than a Semicircle, and on the other Side the Arch DEK F C, Greater than a Semi- 
CITCE, 

11. A Sine 4s either Right, or Verſed. 

12. 4 
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12. A Right Sine is the one half of the Subtenle of the double Arch : - Asth 
Right Sine oft the Arches CF or CHD, 1s the Right Line CA, it being the half of 


the Subtenſe of the double Arches of CF and C HD; that 1s, the half of the Rieke 


Line C AL, which ſubtendeth the Arches CEL, and CDL:—— $9 the Rig br Son 
of the Arches CH or CK, i5the Right Line CM; that is, the half of the Rigg, 7... 
CMN. 898 T.me 


From hence it will fullow, that 


r. The Right Sine cf an Arch, more or leſs than a Quadrant, and leſs than « Semi 
le, is one and the (ame : As the Sine of the Arches CF and CD, is "any mm 
Right Line C A, for that it is the half of the Right Line C AI,, which ' Tweag: ages 
well the Arch CD L as _ Arch C FL. i: <4 cn as 

2. Hence it is, that whenſoever the Right Sine z called the Sine of rhe 
is underſtood only the Sine of the Complement of an Arch leſs than - Feat fewens, _ 
the Right Sine of the Complement of CF, that is, of the Arch CH, is the Riph, 
Line CM. PEPE 7 P WY 

. Every Right Sine ts perpendicular to the Diameter drawn from one ter 
_ —— For, aches Triangle BCL, conliſtin _ a A w 
BL, the Semidiameter BF, drawn trom the concourle of the equal Sides, cuttech ſi 
Baſe CL in A. FOI RE ; 4 
The Right Sine of the Complement is equal to the Segment of the Diam | 
Fi. vey between the Right "136. of the Arch, and the Eircla =_- : yo _ 
Right Sine of the Complement C H,viz. CM, is equal to the Right Line AB. 

13- The Verled Sine is the Segment of the Diameter intercepted betweenuhe Right Sine 
and the Circumference: ——- As the Verſed Sine of the Arch CF is the Segment of the 
Diameter AF ; and the Verſed Sine of the Arch CD, is the Segment _ the Diameter 
AD: Therefore, : 

14. Of Verſed Sines, ſome are Greater, and ſome Leſſer. 

I5. A Greater Verſed Sine is the Verſed Sine of an Arch, greater than a Quadrant : 
and a leſſer Verled Sine i the Verled Sine ; fr Arch, leſs chan a Quadrant : As 
DA is the Verſed Sme of the Arch DH C, being greater than a Quadrant, and AE is 
the Verſed Sine of the Arch CF, leſs than a Quadrant. : 

16.' A Tangent i 4 Right Line drawn perpendicularly on the extremity of the Diame- 
ter of the Circle, and paſſing by the other end of the Arch: — As F O is the Tangent of 
no-tagad Il 4 EIT EI RF ER 

' 17. A Secant 15 a Right Line arawn by the one end of the Arch, till it meet wi 
Tangent : -— As the Secant of the Arch CF, is the Right Line BO. _— 
1s. The Definition of the Quantity which Right Lines%bave, being applied to Circles, is 
the making of the Tables of Sines, Tangents, and Secants. x 

19. The Tables of Sines, Tangents, and Secants,are cailed the Canon of Triangles. 

20. The Tables of Sines, Tangents, end Secants, are extended no farther thay to a 
Quadrant, or,9o0 deg. For the Right Sines of Arches more or leſs than a Quadrant, are 
the (ame, (by the 10th of the 1 Sect.) and there can be no Tangents and Secants of Arches 
greater than a Quadrant, (by the 15 and 16 of SeRt. 1.) 

Note, The Tables of Sines, Tangents, and Secants here mentioned, are to be under- 
ſtood of Natural Sines, Tangents, and Secants, whole uſe in the Solution of Triangles 
was performed by Multiplication and Diviſion; But the Canon of Triangles now 1n uſe 
are Job which were invented by 7oby Lord Neprie, Baron of Marchiſton in Scotland, 
abont the Year 1621, which Canon confiſteth of Sines and Tangents Artificial, or ra- 
ther Logarithmical Smts and Tangents, which performeth by Addition and SubtraQion, 
that which the Natural Canon did by Multiplication and Diviſion; lo that by thele more 
Triengles may be reſolved in one hour, than by the Natural could be in Six: Theſe 
Canons as alſo the Ter Chiliads of Legarithms of the ſame Authors, are every where to be 
had; and ſuch are thele at the end of this Book. So I ſhall ſay no more of them in 
this place, but come to ſhew the Uſe of them in the Solution of Triangles both Plain and 
Spherical, and (having laid the foregoing Foundations therein,) uſe all che brevity 
(which may confiſt with perſpecuity) that poſſible I can. 
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CHAP. IV. 


Of the Dimenſion of Right Angled Plain 
Triangles. 


| þ the Solution off Righe {ngled Plain Triangles, there are 75 Caſes, the reſolving of 
which depend upon this following | 


AXIOME. 


It every Plain Right mm Triangle, any of the Three Sides may 
be put as Radius, and then will the other Sides be as Sines, Tan- 
gents, or SECAnts. | 


Hus, in the three Triangles, A,B, C. 
1. It you put the Side BC ſubtending the Right Angle, for Radixs, the Sides 
CA, and BA including the Right Angle, are Sines of the acute Angles B and C, oppo- 
ſite to them. | 
2. If you put for Radizs the Greater of the Sides including the Right Angle, as BA, 
then the leſſer of the Sides including the R:ght Angle C A is the Tangent, and the ſub- 
tending Side B C is the Secant of the leſſer Acute: Angle at B. 
3. If you put the Leſſer of the ewo Sides including the Righe Angle C A for 
Radins , the Greater Side including the . Right Angle B A is the Tangent, and the 
Side ſubtending the Right Angle BC ts the Secamt of the Greater Acute An- 


Now from this Axiome followeth this ConſeQtary. 


That, = all Right angled Plain Triangles, rhe Angles being given, the Reaſons of the 
Sides are alſo given three way). And conſequently, 


If one Side be given , beſides the three Angles, every of the other Sides are groen 
by a Threefold Proportion , according as you put, This, That, or the Other Side for 


Radius. 


Now for the Solution of the VII Caſes of Right Angled Plain Triangles, I ſhall make 
uſe of the ſame Triangles, noted with CBA in Fig. X. 


| Wherein, 
BA is the Baſe. - 287.00 Miles. 
CA is the Perpendicular or Catbetus. 211.08 Miles. 
BC is the Hyporenuſe. 356.26 Miles. 
| and contains 

A 1s the Right Angle. O deg. oo min. 

B is the Angle at the Baſe. 36 deg, 20 min. 

C is the Angle at the Perpendicular. 53 deg- 40 min. 


Now, for the avoiding of Trouble ig turning over the Canon or Tables, I will ſet 
down the Size, Secant, and Tangent, of every Angle; and the Logarunhbm of every 
Side of this Exemplary Triangle : As followeth, | 


The 


nd 
* 
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[Sine of the Angle at B, 36 deg, 20 m- 1s 9:9726751 
Sine of the Angle at C, 53 deg. 4o m. is | 9.9061107 

Sine of the Angle at A, go deg, or Redine 15 | I0.0000905 
Secant of the Angle at B, 36 deg. 20 m. is I90.0938893 

The} Secant of the Angle at C, 53 deg. 40 m. is 10.2273249 
5 Logarichm of the Hypotenuſe B,C, 356426 m. is | 25517670 
Logarithm of the Perpendicular CA, 211.08 m. 1s 2.3244471 
Logarithm of the Baſe B A, 2859 Miles, 15 ; 2.4578819 
Tangent of the Angle at B, 36 deg. 20 m. is. | 9.8665644, 

| Tangent of the Angle at C, 53 deg. 49m. is  *'10.1334356 


Theſe thirigs being premiſed, I will now proceed to the Solution f the ſeveral Caſes ; 
and all of themthree ſeveral ways. A 
| ASE 0b 


The two Acute Angles A and B, 4id the Baſe B A, being given, to find the 
Perpendicular C A. 


1. By making the Hypotenuſe BC Radius. 


As the Sine of the Angle at the Perpendicular C 53 deg. 40 99061107 
Is to the Log. of the Baſe B A, 287.00 - 2.4578819 
So is the Sine of the Angle at the Baſe B, 36 deg. 20 m. | 9.7726751 
| | : 12.2305590 

To the Legarithm of C A, the Perpendicular 21 1 deg. 08 nun. 2-3244473 


And thus by adding of the ſecond and third Terms in the Proportion together, the 
Sum of them is 12.2305590, from which ſubtracting the firſt term in the Proportion, 
9.9061107, the Remainder 2.3244463, is the Logarithrs of 211.08, and that is the 

ength of the Perpendicular in Miles, ( « uf Baſe B A 287 being taken in Miles ;) chart is, 
211 Miles and 08 hundred parts of a Mile. 
I have been larger in this Example than 1 intend to be in thoſe which ym: and 
therefore T7 give this General Rule which you are to obſerve in all the Proportions 
mg, Viz. To add the ſecond and third Numbers in your Proportion toge- 
ther, and from the Summ of them to ſubtra& the firſt Term, then ſhall the Re- 
mainder be the fourth proportional Term and Anſwer to your Demand. 

This (and ſo any other Proportion in Sines alone, or in Sives and Logarirbms toge- 
ther, where the Radizs is not in the firſt place of the Proportion ; as in this Example, 
but the Sine of ſome other degree, as in this the Sine of 53 deg. 40 m. is the firſt Term,) 
may be more eaſily reſolved, viz. by Addition only ; for, if inſtead of the Sine of 
53 deg. 40 min. 9.9061107, you ſet down its Complement Arithmetical, viz. 093 8893, 
and add all the three Numbers together ; the Summ of them (abating Radis, or x) 
ſhall anſwer the Queſtion; as in the former Caſe. 


As the Sine of the Ample C, 53 deg. 40' Co. Ar. 0938893 
Is to the Log. of BA, 287.00 2.4578819 

So is the Sine of the Angle A B, 36 deg. 20 9.7726751 
To the Lop. of 211.08 : xX2-3244463 

2. By making the Baſe B A Radius. 

As Radius A, godeg. 10.0000000 
E to the Baſe, BA 287 | | '— 2-4578819 © 

S is the Tang. of the Angle at the Baſe B 36 deg. 20 min. 9-8665644 
To the Perpendicular CA 211.08 x2.3244463 


Here, becanſe Radius is in the firſt place, which conſiſteth of an Unite with 
Cyphers, therefore when I come to ſubtract it from 1 2.3244463, 1 only cancel che 
Une x, and there rmains 2.3244463. | | g 


3. By making the Perpendicular C A Radius. 


As the Tangent of the Angle at the Perpendic. C 53 deg. 40 min. _10.1334356 
Is to the Radius go deg. 10. 

So is the Baſe BA 2%7 Miles 12.4579519 
To the Perpendicular CA 211.08 . 2.8214463 
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Here the 3" "ry in the ſecond place, I gs add an Unite before the third 
Term, and ſubtracting the firſt Term therefrom, the Remainder 2.3244463 is the 
Logar. of the Perpendicular C A 211.08 as in the co 


CaAasSE IL 
The two Acute Angles B and C being given, with the Bale BA, to find" the 
Hypotenuſe BC. 
I. By making the Hypoten. B C Radius. 
As the Sine of the Angle at C, 53deg. 4o m. 9.9061107 
Is to the Baſe B A, 287 Miles | 2.4578819 
So is Radixs go deg. Io ;:; 
To the Leg. of the Hypotenuſe BC, 356.26 2.5517712 
| 2. By making the Baſe BA Radius. 
As Radius go deg. Io. 
T6to the Baſe BA, 287 2.4578819 
$0 is the Secant of the Gd B, 36 deg. 20m. _  -_10.0938893 
To the Hypotenuſe BC, 356.26 22.5517712 


Note, The Secant of an Arch 1s the Complement Arithmetical of that Arch, the Radius 10. 
being added thereunto. | 
3. By making the Perpendicular CA Radius. 


As the Tangent of the Angle C, 53 deg. 40 m. 10.1334356 

Is to the Baſe B A, 287 2.4578819 

| So is the Secant of the Angle at C | 10.2273249 

To the Hypotemuſe BC, 356.26 2.5517712 
 CASsE. IL. 


The two Acute Angles B and C, with the Hyporcnuſe, BC my given, to 
find the Baſc BA. 
I. By making the Hypotenuſe BC Radius. 


As Radixs, godeg. To: - 
Is to the Hypotenuſe B C, 356. 26 | 7 2.5517670 
So is the Sine of the Angle C 53 deg. 40m. 9.9061107 
To the Log. of the Baſe BA, 289 Miles 224578777 
2. By making the Baſe B A Radius. | 
As the Secant of the Angle at B, 36 deg. 20 min.  10.0938893 
Is to the Hypotenuſe BC, 356.26 | 12.5517670 
So is Radins 9o deg. Io. 
To the Baſe BA, 287 Miles 2.4578777 
3. By making the Perpendicular C A Radius. 
As the Secant of the Angle at C, 53 deg. 40min. 5 10.2273249 
E to the Tangent of the Angle C, 53.40 10.1334356 
So is the Hypotenuſe B C, 356. 26 ; 2.5517670 
| 'Z : 12.6852026 
To the Baſe BA 287 Miles. 2.4578777 
CASE IV. 
The Baſe B A, and the Perpendicular CA being given, to find the two Acute An- 
gles B and C. 


I: By making the Baſe B A Radius. 


As the Baſe BA, 287 2.4578819 
* Is to the Perpendiculur CA, 211.08 12.3244471I 
So 15 Radius go deg. 10. 


To the Tangent of the a" B 36 deg. 20min. 98665652 
The Complement whereof 53 d. 40 m. is the other Acre Angle at C. | 2. By 


i ts. 
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'2. By making the Perpendicular C A Radius 
As the aledkadicalar CA, 211.98 | 2. _2-3244471 


Is to the Baſe B A, 287 Miles p 24578819 
So is Radins go deg. 
To the Tangent of the Angle C, 53 deg. 49 min./ . *' 10-1 & 
The Complement. whereof is $26 deg. 20 min. 1. the other Acute Angle at B. $3434 
CasE v. 


7 bo Baſe BA, and the Hypotenuſe B C being given, to fod 1 the other "Ranks 


age B and C. 
I. By making BC the FS Radis. 


ode Hypotenuſe B C, 356.26 Miles | 25517670 
Is to the Baſe BA, 287 Miles 12.4575819 
So is Radius go deg. TG 
To the Tangent of the Angle C, 53 deg; 49 min. _ 9:9061149 


Whoſe Complement 36 deg. 20 min. is the other Acute Angle at B. 
, . .* + 2, By makirig the Baſe B A Radius. 


As the Baſe BA, 287 Miles | | _ 24578819 
So is Radius go deg. Re > 
To the Secant of the Angle at B 36 deg. 20 min. | 10.0936851 
I 
12 CasSE VI. 


The Baſe B A, and the Perpenditular C A being given, to find Hypotenuſe BC. 


This and the following Caſe do- require two Operations the firſt to find the 4- 
cute Angles, and the {ſecond (from thence) to find the third fide : 


"-1. Operation. 6 
As the Perpendicular C A, 211.08 Led Lg wo 
Is to'the Baſe BA, 287 | 12.4578819 
So is Radins go deg, | | 7 EE: 
Tothe Tangent of the Angle C, 53 FR 40m. 10.133434 
2. Operation. 
As the Sine of the Anple at C, 53 deg. 40 min. 9.9061107 
' Is co'the Baſe BA, 287 12.4578819 
So 15 Radins go deg. © | 10. 
To the Hypotemuſe BC, 356.26 2.5517712 
CASE VII. | 


TheBaſe B A, and the Hypotenuſe BC being given, to find the Perpendicular. 


I. Operation. 


As the Hhypotenuſe. B C, 356.26  2.5517670 
Is to the Baſe BA, 257 12.4578819 
So 15 Radinss go deg. [+ RARE SU 
To the Sine of the Angle at C, 53 deg. 40 min. | 9.9961149 
Whoſe Complement 36 deg. 20m. 15 the Angle at the Baſe B. 
| 2. Operation. | 
As Radins go deg. 10. 
Is to the Hyporenuſe B C, 356.26 ' 2.5517670 
So 35 ghe Sine of the Angle B, 36deg. 20 min, _9.7726751 


To the Perpendicular CA, 211.08 X2.324442 p* 
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A more compendious way to work this laſt Cale, by Logarichms only. | 


1. Find the Summ, and the Difference of the Baſe, and the Hyporenuſe, and add the 
Logarithms of them together, half that Logarichrs ſhall be the Logarichm of the Per- 


pendicular : As 


The Hypotenuſe is 356.26 

The Baſe 1s p 287. 

Their Summ 634.26 Loo. 2.898336 

Their Difference 69.26 3-2  eogbnen 

Their Summ | 4:64886 

The halt Summ Per cd 
And this is the Logarithm of the Perpendicular 211.95 

CHAP. V. 


Of the Dimenſon of Oblique Angled Plain Triangle. 


N the ſolution of Oblique Angled Plain Triangles there are but V. Caſes, and the 
reſolving of them dependeth upon the Three following Axiom. | | 
The firſt of which ſerveth for the reſolving of the firſt and ſecond Caſes, — The 
ſecond for the reſolving: of the third and fourth Caſes, And che third is appro- 
priate only to the fifih and /aft Caſe.—— And in the ſame manner as I did proceed 
in the ſolution of the ſeveral Caſes of right Angled Plain Triangles, fo I ſhall in this 
of Oblique Angled; namely, Firſt, lay down (and demonſtrate) the Axiom, and ſuch 
ConſeFaries as follow therefrom, and then proceed to the Caſes reſolved thereby. 


Wherefore, 
AXIOME I. 


In every plain Triangle (as well Right as Oblique Angled) the ſides 
are in proportion one to the other, as are the Sines of the Angles 
oppoſite to thoſe ſides, & contra. \, | 


Conftrutiow. E T the Triangle ABC be inſcribed in a Circle, and from the Cenre < 
"Y IL D, let be drawn the ſeveral Radis DE, DE, 'D G, perpendicular Fig. %l. 
eo the reſpeRive ſides of the Triangle, fo will they biſe& as well the ſeveral Peripheries 
AEC, CFB, and BGA, as their Subrenſes AC, CB and BA: And let there be alſo 
drawn the Radins DC. 
Demenſtration.] Now, becauſe the Angie at the Centre E DC, is equal to the 4ngle 
in the Periphbery A B C, and C DF at the Centre, equal to C AB, (by the 20 P. Exd. 
Lib. 3. ) therefore ſhall the halves of the fides be as Sie: : And what | 
ſide CA hath to the ſide CB, che ſame ſhall the Sine CH have to the Swe CK; for 
what proportion the whole hath to the whole, the ſame proportion hath the half co 
the half: Which was to be demonſtrated. 
And from this 4Axiome follow theſe ConſeFaries : that, 
x. If the Angle of a Triangle be given, the Reaſon of the Sides is alſo given. 
And Conſequently, 
If one ſide be given beſides the Angles, both the other ſides are alſo given. 
2. If rwo fides of 4 Triangle be given, with an Angle oppoſite to one of them, the Angle 
oppoſite to the other of them © alſo groen. | 
Now for the ſolution of the two Caſes of an Oblique Spherical Triangle deduced from 
this Axiome, Iſhall make uſe of the Oblique Angled Triangle ACB (1n Eg. XL) wherein 


AB 1 4758.83); 2.680113 
The Side N C is 361.56 ©7795 my 2.55810358 
CA is 234.20Y ©> 2.3692155 


CAB 1s 46 deg. 50 Ns ere 


The Angle 4ABC is 25 deg. 1G min. > @. © <9.6739769 
" Jan Ais 105 or 75 deg. Sine 15 9:9849438 


CASE 


F 


———_ _——— —— —— ———— 
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CASES 1 


The Angles and one Side being given, zo {ind the other two 


Let the Angles CAB 46 deg. 50 min. and CBA 28 deg. 10 min. 
AC 234 Leagues be given, and let it be required to find the Side BC. 


Book Y, 


Sides, 
And the Side 


As the Sine of the Angle CBA 25d. 10 m. 9.6739759 
Is to the Side AC 234 Leagues. —— - — ,;6:;5 
So is the Size of the Angle CAB 46d. 5om. ———= ——— 98629460 


To the Side CB 361.56 Leagues. 
And for the Side BA. 


As the Sine of the Angle CAB 464. 50m. 
Is to the Side CB 361.56 Leag. es; annum 


————— 


12.2321618 
2.55818.49 


I=—o—_—_ — 9.3629460 _ 


2.5551035 


So 15 the Sine of the Argle ACB 1059. (or 75d.) ——-—— 99849438 


To the Side AB 458.83 Leagues 


————— —C 


CASE TIL. 


12.5439476 
2.68901016 


Two Sides, with an Angle oppoſite to one of them, being given, to find 


the Angle oppoſite to the other of them. 


Let the two Sides AC and BC, and the Angle CAB oppoſite to the Side CB be 


given, and letthe Angle CB (oppoſite to the Side AC) be required. 


As the Side BC 361.56. —————— —————— 25581038 
Is to the Se of CAB 46 d. FOIN, = _ 9.8629460 
So is the Side AC 234- — 6. 
I12.2321618 
To the Size of CBA 28 d. 10m. t— ——— 9.674058 
Or if the two Sides AB and BC, and the Angle A oppoſite to CB had been 
given, and the Angle A CB had been required, Then 
As the Side C B 361 . 56. ES EO — 2.558103 
To the Smeof CAB 469. 50 m. n=nn— —— 9.629460 
So is the Side AB 478.5939 ——_— —— —— 2.650113 
I12.5431273 
To the Sinmeot ACB 75 d. (or 105 d.) 9.9850235 


Note, Is this Caſe, there may a doubt ariſe, for if two Sides be given, 


whereof one of 


them is the greateſt Side, together with the Angle oppoſite to the leſſer of the two groen Sides, 
and the Angle oppoſite to the greater of the two given Sides be demanded ( as in this ſecond 
Caſe) it will be doubiful whether the Angle found be Acute or Obtuſe ; for that the ſame 
Sine found im the Canon, doth anſwer to both : Nor can this doubt be cleared better than by 


. @ true delmeating of the Triangle. 


AXIOME I. 


In all Plain Triangles, As the Summ of the Sides is to the Difference 
of the Sides, ſo is the Tangent of the half Summ of the oppoſite 


Angles, to the Tangent of half their Difference. 


Fig.XIE. p-.aig the O51:que Angled Triangle ABC (Fig. XII.) Let the two known Sides 


. C{10n. 


be AB and BC, and the Angle comprehended between them, namely, the 


Angle ABC, (which is an O6:4/e Angle in the upper, but an Acute Angie in the lower 


Diagram. ) Let the Side A B be continued to H, ſo that BH be made 


and draw che Right Line CH. Then maks.BI equal co the other given Side AB, 


equal ro B C, 


and 
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and through the Points B and I, draw the Right Lines BD and IG, Parallel to the 
unknown Side A C. 

Demon#tration, The exterior Angle CB H is equal to the two interior Angles BAC 
and ACB, oppolite thereto, (by the 10th of Sed. 2.) and by the 32 of the 1 of Eucl.) 
for the Angle CBD 15 equal to the Angle ACB; and the Angle DBH is equal tothe 
Angle BAC. Moreover, from the Point. B let fall the Perpendicular B E; which 
ihall biſe& CH 1nE, and upon the Angular Point B, with the Radias BE, deſcribe 
the Periphery or Arch MEL; fo ſhall CE be the Tangent of half the Summ of the op- 
polices Angles C A B, and ACB; and DE (equal co FE) the Tangent of half their 
difference. Now becauſe A C, BD, and IG are Parallels, therefore ſhall CD, DG, 
and F H be equal, as allo DF and G H: Therefore I ſay, 

As AH, 5toIH :: fois CH, to GH, or by equality of Proportion ; 
AsAH, 5toIH :: fois CE, to DE; that is, 

As AH, the Summ of the Sides, 15to | FH, the Difference of the Sides. 

Sois CE, the Tangent of baif the Angles CAB and ACB,roDE, the Tangent of 
half the Difference of theſe Angles : Which was to be demonſtrated. 


And from this Demonſtration foloweth this ConſeQary. 


That, If in @ Plain Oblique angled Triangle, two Sides be given, with the Angle 
comprebended between them, the other two Angles are alſo given. 
Now for the Solution of the two Caſes of Oblique angled Plain Triangles deduced from 


this Axiome, I ſhall make uſe of the Triangle in the two foregoing Caſes; where the Fig.XIL. 


Sides and Angles are the ſame, as in this Figure XI, 


CasE 1. 


Two Sides, with the Angle comprehended by them Being given, to find 
AE the other two Angles. | 


In the Triangle ACB (Fig. XIE in the uppermoſt Diagram) let there be giventhe 
Side BC 361.56, the Side A B 234. with the Obruſe Angle ABC (com be- 


prehended be- 
eween them) 105 deg. And let the two other Angles CAB and ACB be required, 
The Summ of che-Sides AB and BC 15 595.56. ie 
The Difference of theſe Sides 15 127.56. : 
The Summ of the unknown Angles at A and C is 75 deg. 
The half Summ of the Angles 15 37 d. 3o m. 


Being thus prepared, ſay, 
As the Summ of the Sides AB and BC 595.56. 2.9749255 
Is to the Difference of thoſe Sides 127.56. ' 2.1057145 


So is the Tangent of half the Summ of the unknown 
Angles ACB and CAB, 37 deg. 30 m. £ bj 9.8849805 
| I1.9906950 
To the Tangent of 9 deg; 20 min. | - 9:21 57695 
Which is the Tangent of half the Difference of the two Angles A CB, and CAB, 


which 9 deg. 20 min. added to 37 deg. 3o m. (the half Summ of the unknown An- 


gles) giveth 46 deg. 50 m. for the greater Angle C A B; and ſubtracted from the half 
Summ, giveth 28 deg. 10 min: for the lefſer Angle A CB. 


Again in the ſame and the lower Diagram. 


Let the two Sides AB 234, and BC 478.83, and the Acute Amgle CBA, com- 
PR between them, be given, and let the other two Angles CAB, and BCA 

requred. | | 

The Summ of the Sides A B and CB is 7512.83. 

The Difference of thoſe Sides is 244-83. . 

The Summ of the unknown Angles A and C is 133 d., 10 m. 

The half Summ of thoſe Angles 15 66 deg. 35 m. 


Sſſ 


Being thus prepared, ſay, 


As the Summ of the Sides AB and BC 712.83. 6 8529859 
Is to the Difference of thoſe Sides 244.53. 23868546” 


So is the Tangent of half the Summ of the _ 
unknown Angles, ACB and CA B,66 d. zo m. 


| 12.7595627 
To the Tangent of 38 deg. 18 m. Es” 9:8975768 
Which added to the half Summ 66 deg. 30 min. giveth 104 d. 48 m. for the greater 

Angle, and ſubtracted leaveth 28 deg. 12 m. for the leſſer, the one Angle greater and 

the other leſſer than by the former Work. | 
Note, This difference ariſeth from ſome Seconds omitted in the two Acute Angles, for 

tbe Angle A is really but 46 deg. 49 min. 48 Seconds, and the other Acute Angle 2% / 

10.9. 12 Seconds, but 1 here omitted the Seconds for eaſe in the Work, and the rather, be- 


cauſe the manner how to find out theſe minute Parts and Fractions, is tanght in the U/: of 


tbe Triangular Canons. 
Ca'ss 5: 


Two Sides, and the Angle comprehended between them being given, to 
find the third Side. ' 


In the Triangle A CB (Fig. XIL and the upper Diagram) let there be given the 
Sides A B 234 and BC 361.56, with the Angle ABC comprehended between them 
105 degrees, and let the third Side AC be required. 

Firſt find the Angle A or C by the laſt Caſe, 


As the Summ of the Sides AB and BC 595-56.  2:7749255 
Is to their Difference 127.5. | 2.1057145 
So 15 the Targent of half A and C 37d. 3o m. _  9.8849805 
: | Il 9996950 

To the Tangent of g deg. 20 Mm. 9.2157695 


Which ſubtracted from 37 deg- 3o min. (the half Summ of the Angles at A and C,) 
leaves 28 deg. 19 min. for the Angle at C. 


Then ſay agam by the Firſt Caſe: 


As the Sine of the Angle ACB 28 de. 1o m. Fd 9.6739769 _ 
Is to the Sie of the Side A B 234 ; | 2.3692158 

So 15 the Sine of the Angle ABC 105 (or 75 d.) 99849435 _ 
LE 12.3541596 
To the Side A C 478.83. . __ 2.6801827 


AXIOME Il. 


In all Plain Triangles. 4s the greateſt Side is in proportion to the Summ 


of the two other Sides, ſo is the Difference of thoſe Sides, to a Segment 
or part of the Greateſt Side, which being ſubtrafted from the Greater 


Side, a Perpendicular ſhall fall in the middle of the Remainer. 


Conſtrufion : In the Triangle ABC (Fig. XIII) the Greateſt Side is BC, the leaſt 


FX Side 15 AC. 


Upon A as a Cevtre at the diſtance of the ſhorteſt Side A C, deſcribe the Circ! 
CDEF, and continue the Side B A to D, then ſhall B D be the Summ of che Sides 
BA and AC,for A C and AD are equal, (by che Conſtrucion;) and then ſhall BE 
On oronce between the Sides A C and AB, and AC and AE are equal: 

en I lay, 


As CB : isto BD :: ſo isEB : to BF. Then that the Perpendicular A G, ſhall 


biſe& the S2zgment F C, we are to prove. 
Demonſtration : Firſt, Equal Right angled Figures have their Sides Reciprocally propor- 


tional, (by the 2 ConleRary of the 5th of SeRt. 2.) And the Oblongs made of BD _ 


£ _ md beds two aint tent rat Ea ata Att; tot todd oh 


BE, and allo of BC and BF are Equal Right angled Figures: Therefore their Sides 
are Reciprocally proportional ; For, 


As BC: to BD :: fois BE : to BE. 


And becauſe the Triangle F A © hath the two, Sides A F and A C equal by Con- 
ſtruction, therefore the Perpendicular A G biſe&teth the Baſe F C, (by the 22 of 
Sek. 1.) Therefore, | 

In an Oblique angled Triangle, as the greateſt Side is to the Summ of the other two, 
ſo is the difference of thoſe two, to 8 Myr! of the greater Side, which fybcracted from 
the greater Side, a Perpendicular ſhall falf in half the Remainer ; which was to be 
demoaltrated, 


And from this Demonſtration ariſeth this ConſeQary. 


That, If three Sides of a Plain Obkque angled Triangle be given, either of the as 


ments of the Greater Side 15 alſo given, in which Segment, from the Docks 6 3 
perdicular {ball fall And, 8 F'4 


So we will proceed to the Sohution of the Caſe of Oblique Plain Triangles deduced 
from the former Axiome. | 


CasEzg V. 


The Three Sides of an Oblique Angled Triangle being given, to find 
| the Angles. 
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In the Oblique Angled Triangle ABC (Fg. XIIL) let the Side AB 361.56. AC F;. XI[IT. 


234. and BC 478.83 be given, and let the Angles be required. 
"m The Greateſt Sule BC 1s — , 18.820 


The Summ of the two Leſſer Sides AB and AC is 595.56. 
The Difference of them is 129.56. 


Being thus prepared ſay : 


As the greateſt Side B C 458.83. 2.6801813 
Is to the Summ of the other two Sides AB and AC 595-56, 2.7749255 
So 15 the Difference of thole Sides 127.56. 2.1057145 
4-8806400 
To the Segment B F 158.65. 2.2004587 


Which being ſubtra&ted from the greateſt Side BC 458.83, the remainer will be 
320.18 for the other Segment of che greateſt Side B C, namely F C, in the middle 
whereof, namely at G the Perpendicular A G will falk And, 

By this means, the Ob/:que Angled Plain Triangle ABC, is reduced into two Right 
Angled Plain Triangles, viz. ABG and ACG, in ether of which the Hyporenuſe and 
Baſe is given, ſo that the Angles may be found by the V or VII Caſe a] Right Angled 
Plain Triangles. 


Anather way to reſolve this Caſe, and that at one Operation, 


Mr. PINE Briggs in the 18:5 Chapter of his Arithmetic Logarichmics, hath another 
way whereby to reſolve this Caſe, thewing, how to find any Angle, by having the 
tres Ss from whence this following Precep: (which etfeRech the y 
was deduced. 


From balf the Summ of the Sides of the Triangle ſubtra# each particular Side : And 
ket the Summ of the Logarithms of the half Summ, and difference of the Side ſubtending 
the enquired Angle, be ſubtratted from the Summ of the Logarithms of the other differences, 
end the double Radius: And haif the Remainer ſhall be the Logarithm of « Tangent, 
whoſe degrees doubled ſhall be equal tothe enquired Angle. 


Sſ1 2 


Fe Cuxsus MaTHEMATICUS. 


Illuſtration : I | 


In the forementioned Triangle ABC (Fig. XIII.) | 
Let the three Sides AB, BC and AC be given, and ler the Angle BAC be en- | 


uired. 
» | Half Summ —— 


—cc__—__ 


AB is —— 361.56 ; 
The Difference Jo. is — $5836 . '2 | 


The Side eB C 15s —— 478.83 | 
AC is —— 234-00 | of che half BA is —— 175.63 . | 
Summ and AC 1s ——» 303.19 2 | 


RP Iwonrnemncang 


Their Summ is —— 1074-39 
The half Summ is -—- 537-19 9 | 
| | Being thus prepared : | | 
The half Summ 537.19. | Log. 2.73012792 q | 
The Difference of the half Summ and B C 58.36. Log. 1.76611528 
The Summ of the Log. of yk hat Summ and BC. 449624329 

| 175.63 Log. 2.24459870 2 
The Difference of the half Summ are 4 AC 303.19 Log 249191489 qt 
The double Radimns 20.00000000 3 | 

: 3. > The Ronen 24-7263135979 #& | 
Log. of the half Summ and B C. Sub. bees 44. qd | 
| ' The Remanner. | 20,23097037 | 
Half the Remainer. 10, 1503518 R#fF 

Which: is the Logarithm Tangent of 52 deg. 3o min. the double whereof is 105 deg. 
for the quantity of the Angle BAC, which was required. 

And thus have you the ſeven Caſes of Right Angled, and the Five Caſes of Oblique 
Angled Plain Triangles ſufficiently demonſtrated and illuſtrated by Examples: I ſhall 
now proceed to ſome Problems TS which do not fall within the Limits of 
the forementioned Caſes, and yet theſe or ſuch like may ſometimes be propoſed. 


The Summ of the 
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A Synopſis of the 


————_—_—____ 


Right Angled. 


Req.] 


ca 


——= Ao > > —__ 


Proportions. 
I.5C:BA::sB:CA 
2. R: BA::cB:CA 
3.tC:R::BA:CA 


—_— _———— 


— 


1.SC:BA::R:BC 
2. R:BA::seB:BC 


m——_ EE ms 


———— 


1.R:BC::sC:BA 
2:5eB: BC:;::R:BA 
3.5eC:tC:; BC: BA 


is B&A:CA::R:cB 
whoſe Complem.is C 
CArBA::R:cc 
whoſe Complem. is B 


—— 


|. BC:BA::R:tC 
whole Complem.is B 


3.tC:BA::SseC;BC| 


2.BA:BC::R:5eB 
whoſe Complem.1s C 


1.CA: BA::R:tC 
Then again, 
1,95  T3Þ $Þ:13* 


—_ 


I. BC: BA {435% 
whoſe Complem. 1s B 
Then again, 


« R: RC::s5B:CA 


0 — —— 
Ui P_— O_o 


Do&trine of Plain Triangles. 


A 


—— —— 


VI 


VII 


——_—- —__—__—— ———— _ .  —_ 


AB 


| A 


Req.| 


— 


Proportions. 


$SB:CA:;:: s5C;AB 


CA:sB::CB:sA 


— 


CB+CA:CB—CA:: 
::+ 2 A+B:t thediff 


. ox 5 added t 
weh.diff 4 ſubtr. Gas 


Find the Angl. A and B 
by the laſt Caſe,then by 
the Firſt Caſe you may 
find the Side AB. 


AB : CB-þ AC:: CB-- CA: 
|: BI. Then AB- BI==AI. 
3 ATSAK. 

Thus is the Oblique Angled Tri- 
angle reſolved into 2 Right Angled, 
in either of which the Hypotensſe is 
known :; 


— 


In this Synopſis. 

s (ignifies Sine. 

t Tangent. 

SE Secant, (ded. 

+2 Lines or Angles ad- 

'— 2 Lines or Angles 
ſubtracted, 


— —— —— 


| 


— — — — 


— 
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Oblique Angled. 


-* 


The In 


: Greater Þ .An- 
half ſum,gives hed Cogn bo 
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Fi.XIV. 


Fi.XIII. 


—— 


CHAP. VI. 


+ 


Problems or Cafes Extraordinary. 


Pro 8.1. Ore {ide of an Oblique Angled Plain Triangle, the Angle 
oppoſite to that Side, and the Summ of the other two Sides being given, t0 
xd the other two Sides and Angles ſeverally. 


FP the Oblique Angled Plain Triangle A. B C. (Fig. XII.) let the Side BC 458 82; 

the Angle BA C oppoſite toit 195 deg. And the other two Sides B A and A C in 

one Summ 595.56 be given, and let the Angles Cand B be required. | 
Conſtruction, Extend the Side B A, of the Triangle ABC, to D, making A D 


; equal to A C, anddraw the Line DC; fo ſhall you have conſtituted two other 04- 


lique Angled Triangles BDC, andA CB. In the Triangle A BC, you have given 
the Anpte BAC 105 deg. and conſequently 1n the Triangle A CD you have given the 


Angle DA C, 75 deg. 1t being the Complement of the other to 180 deg. (by the 10. 
ſo the Triangle A D C 1s Equicrural, by the Conſtruction, and therefore 


of Se&.'2.) al 
the Awgles atthe Baſe ADC, andA CD arecqual, (by the 22. of Sec. 1.)) namely, 
either of them equal to half the given Angle B AC, 52 deg. 30 mm. Now in the 0b- 
lique Angled Triangle BD C, there is given, 


1. The Side BC 458 82. 
2. The Side BD $5495.56. 
3. 'The Angle BDC 52 dep. 30 min. | | 
From whence you may find the Avgle D C B, by the third Caſe of Oblique angled 
Triangles. For, 


As the Side BC 478.33 26801813 
'To the Swe of BD C52 deg. 30 min. 5.8994667 
So ix the Side DB $95.56 __2:7749255 
| | : 12.67 43922 

To the Sie of the whole Ang/': D CB 99 deg. 20 min. 9.9942109 


From -which the Angle A C D, equal to ADC, 52 deg. 30 min. being Subtracted, 
the remainder 46 deg. 5o min. is the Angle A CB. 

Which being known, the other Azgie ABC is known, and by them may be 
found the Sides A B234, and AC 361.56 leverally, which was required to be done. 


P R © B. Il. One Side of an Oblique Angled Plain Triangle, the Angle. 


oppoſite thereto, and the Difference of the other two Sides, being given, 
to find the other two Angles, and the two Sides ſeverally. 


I 
JN the Oblique Angled Triangle A B C (Fig. XIV.) let the Side BC 478.83, and 
the Angle BAC 105 (or 75 deg.) and the Difference of the two Sides A B and 
AC, (viz. BE 127.56) be given ; and let the Angles ACB, and ABC be re- 
quired, as alſo the two Sides A B, and AC everally. 

Conſtruftion, Make A E cqualto AC, and draw the Line E C, conſtituting the 
Triangle A EC, which is Equicrural ; and the. Angle E A C being 105 deg. the Com- 
plement thereof to 180 deg. 15 75 deg. for the two Angles AEC and ACE, which 
being equal one to the other, are therefore either of them equal to halt 75 deg. vs. 
37 deg. 30 min. and by drawing the former Line E C, there is alſo made another 05- 
lique Angled Triangle E BC; in which is given, 

1. TheSide BC, 478.83. 

* 2. The Side BE, 127.56 the Difference of A B and AC. 


3. The AmgleBEC, 14: deg. 30 min. it being the Complement of the Angle AE C' 


37 deg. 30min. tO 180 deg. 


'And from thele things given you may find the Angles : ACB and ABC, as allo 
the Sides A B and AC ſeverally, For, | 
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As the Side BC 4758.83 2.680181 3 
Is to the Sine of AEC 37 deg. 30 min. whoſe Complement to 180 deg. is 
ECB 142 dz. 30 min. F 9-7544477 
So 15 the Side B E 127.56. _ 2.1057I45 
11.8901616 
To the Sine of the Angle E CB 9gdep. 20min. 9.2099803 _ 


Which being added to the Angle ACE 37 deg. 30 min. giveth 46 deg. 50 min. for 
the whole Angie ACB, and ſubtracted theretrom, leaveth 28 dep. 1o min. for the 
Angle A BC. | | | 
Having thus found all the Angles, and the Side BC being known, the other two 
Sides may eafily be found (by the 1. Caſe of Oblique Angled Spherical Triangles) which 
was the thing required. . | 
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DOCTRINE 
Spherical TRIANGLES 


—_—_—_—_— ” 


—— 


CHAP. L 


Of the Aﬀettions of Spherical Triangles, and of ſuch 
Definitions and Theorems as are neceſſary to the 
right underſtanding of the Dimenſion of them. 


Hat a Spherical Triangle, as well as a Plain or Right Lined Triangle doth conſiſt 
T of Six Parts, namely of three Sides, and as many Angles hath been already de- 
clared : we now come to ſhew the Aﬀedtions of Spherical Triangles, which ſhall be con- 
tained under theſe twenty Heads following. 

1. The three Sides of every Spherical Triangle, are the Arches of three Great Circles 
of the Sphere, every one of them being leſs than a Semicircle; or conſiſting of fewer de- 
grees than 180. which is the Mealure of a Semicircle (by the 9. of SeR. 1. of Plain 
Triangles.) 

2. A Great Circle of the Sphere, & ſuch a Circle as divideth the whole Sphere or 
Globe, into two equal Parts or Hemiſpheres, and ſo x every where diſtant from his Poles 
by a Quadrant godeg. of 4 Great Circle. 

3. If one Great Circle if the Sphere, doth paſs by the Poles of another Great Circle, 
thoſe two Great Circles do interſect, or cus each other at Right Angles, and the contrary. — 
Thus: | 

Let A EC be a Great Circle of the Sphere, (and let it repreſent the Horizon of any Fig. 1. 
place, ) whole Poles let be B and D ; (the Zenith and Nadyr of rhe ſame place, equidiſtanc 
from the Horizon A EC go deg.) by which Poles Band D, let another Great Circle 
paſs, namely B E D, (one of the Colures, or an Azimuth or Vertical Circle :) Now 1 
lay, that the Great Circle B ED cutteth the Great Circle AE C at Right Angles in 
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Book V. 
the Points E and F. For, it upon the Pole E or F, another gre BCD 


at Circle, ABCD, 
be deſcribed, it is manifeſt AB, BC, CD, and DA, ſhall be the meaſures of th: Anples 
at E and F, (by the 4 of Sect. 1. Of Plam Triangles.) But the Arches AB, EC,CD, 
and DA; are Quadrants, (by the third hereof ;) and therefore the Angles at E and Fare 
Right Angles, by the i 3th. of - SeR. 1. Of Plain Triangles :) Which was to be demuns- 
rated. 

F 4 The meaſure of a Spherical Angle is the Arch of a great Circle deſcribed from the 
Angle, and intercepted between the two [ides, they being contimued out till they be Quadrants, 
(by the firſt hereof ). So, ; | 

In the Spherical Triangle ABC, the meaſure of the Spherical Angle at A, is not the 
Arch BC, but the Arch E D, intercepred berwzen the two fides AB and AC, con- 
tinued till they be Q#adrants, that 1s, to the Points E and D, becauſe the Arch BC is 
not deſcribed upon the angular Point A, but the Arch E D is (by tbe Firſt hereof) there- 
fore the Arch B C cannot be the meaſure of the Aug/e BAC, (y rhe 4b. of Sect. 1. 
Of Plam Triangles.) | | 

5. The ſides of @ Spherical Triangle, being continued till they meet together, do make two 
Semicircles, and at their Imterſef{ton do comprehena an Angle equal and oppoſite ro the fir# 
Angle. Thus, 

in the Triangle ABC, the ſides AB and AC of the Angie BAC, being continued 
to D, do make the Semicircles ABD and ACD, which do comprehend the Angle BDC 
equal to the Angle BAC; becauſe the ſame Arch G H (being diſtant both from A an 
D go deg.) mealureth both thoſe Angles, (by the 41h. beref. )- 

6. Every Spherical Triangle hath from every Angle thereof ano: her Triangle oppoſite there- 
unto, whoſe Baſe and Angle oppoſite to the Baſe are the ſame; and the other parts of that 
Triangle, are the Complements of the parts of the other Triangle. —- Thus ( Fig. 11I.) 

The former Tria»p/e ABC hath another Triangle BDC oppolite thereunto, whole 


Baſe BC, and Axgle oppolite thereto, BDA, are the ſame, (by the 5th. hereof.) And 


the ſides B D and CD, are the Complements of the lides BA and C A to a Semicircle: 
And the Angles DBC and DCB are the Complements of the Angles ABC and BCA 
to two Right Angles, or 180 deg: (by the 18th. of Set. 1. Of Plain Triangles). 

7. The ſides of @ Spherical Triangle may be changed into Angles, and the contrary : The 
Complement of the greateſt ſide or greateſt Angle to a Semicircle, being taken for the greateſt 


fide or greateſt Angle: — As 1n 


The Spherical Triangle ABC, obtuſe argled at B: Let DE be the mealure of the 
Angle at A, and let F G be the meaſure of the accute Angle at B, (being the Comple- 
ment of the obtuſe Angle at B, the greateſt Angle in the Triangle,) and let HI be the 
meaſure of the Angle at C; Now. $ 


K L DE K D L E Pare Luadrants, and &L. D 
L M>isequal toqF GpbecauſetL Ge andeF AS their common Com: <L F 
KM) . H1)Y K I M HD plement 1s K H 


Therefore, The ſides of the Triangle K LM, are equal to the Angles of the T1. 
angle ABC, taking for the greateſt Angle ABC, the Complement thereof F BG. 

It may alÞ be demonſtrated, That the ſides of the Triangle ABC, are equal to 
the Angles of the Triangle KLM, (by the Converſe of the former :) For, | 


AB O PFthe meaſure CM LK © which is the Comple- 
The Side<B Cp 1s cqual toCF 16 of the An-<L M K > ment of the obtule 
AC D IY &e -(DKIV\Y Awe MKL 
For that, 
AD C I » are Quadrants, and cC D 
| APtand{ B C their common $A Oo 
F | B F CH Complement is CF 


Therefore, The ſides may be turned into Argles, and the contrary ; Which was to be 
demonſtrated. | 
S. 4 Right Angled Spherical Triangle hath one Right Angle, or more than one. 
it In Fig. Ill. Suppoſing the Angies at A and D, viz. BAC, and BDC, 0 be Right 
Angles. 
[ BAE One Right Angle, and two Acute. 
The Triangles B D Flac Two Obtuſe Angles, and one Rigtt. 
CDE One Obtuſe, and two Acre. 
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19. A Right Angled Spherical Triangle, with rwo Acute Angles, hath from the Right 
Angle # Right Angled Triafigle oppoſite therewnts, with two Obtule Angles: & contra 
as in the Tr:angles BAC, and BDC. . : 
; 11. The S:des of a Right Angled Spherical Triangle, with two Acute Angles, .are each 
| of them les than Quadrants : ' As the Sides of the Triangle ABC, are all of them lef& 
: than Duadrants. 

12. The wo Sides of a Right Angled Spherical Triangle, wib :wo Obtuſe Angles, are 

reater than Quadrants, and the third Side is leſs than a Quadrant: As in the Triangle 
BDC, Obtyſe Ang/ed at Band C, the Sides BD and C D are greater than Luadrants 
| and che Side B C 1 eſſer. | ? 
| 13- A Right Angled Spherical Triangle, with 1:wo Acute Angles, is ( from the 
Acute Angle!) oppo/ite ro 2 Right Angled Spherical Triangle, with one Acute end one Ob- 
rule Angle : As in the Right Angled Triangle ED F, having the Avgles at E and 
F Acute, 15 oppolite to the Right Angled Triangle CDE, with the Acate Angle ECD, 
and the Obtuſe Angle C ED. 

1 4. The Sides ſubrending the Right Angles of @ Spherical Triangle, having divers 
Right Angles are Quadrants. —— As 1n the Triangle AGH, It the two Great Cjr- 
cles AG and AH, do cut the Great Circle G H at Right Angles, 1n the Points G and 
H. A is the Pole of the Great Circle G H, (by rbe 3 bereef.) and AG and AH are 
Quadrants (by the 2 hereof.) But it the Angle at Abe alſo a Right Angle, then G H 15 
| allo a Zuadrant, (by the 13 of Sedt. 1. of Plain Triangles, and by the 4 hereof.) 
| 15. 4 Spherical Triangle having divers Right Angles, hath either two or three Right 
| Angles; and ſo of the Sides it bath two or three of them Quadrants. As if the Angle ac 
| A be put for a Riyht Angle, the Spherical Triangle AGH ſhall have three Right 4n- 
| gles art A,G, and H; and therefore the three Sides alſo, A G, AH, and G H, ſhall be 

vadrants : —-— But if you put the Angle at A for an Acute Angle, then the Spher+- 
cal Triangle AGH ſhall have two Right Angles at G and H, and thereupon the two op- 
pohte Sides AG and AH Quadrants. | | | 
: 16. If the third Angle of a Spherical Triangle, having 1wo Right Angles, be Acute, 
I the third Side i leſs than a Quadrant : but if Obtuſle, then ts it . Burp than a Quadrant : 
þ As in the Spherical Triangle G HI, Acute Angled at G,. the third Side HI is leſs than 
s a Luidrant. — Bur in tl.c Spherical Triangle AGI, Obruſe eAngled at G, the third 
. Side Al is more than a Luadrant. | | - 
| 17. 4n Oblique Spherical Triangle conſiſteth ſimply of Acute or Obtuſe Angles, or of 
? beth of them. 
s 4 Spherical Triangle, with :0 Obtuſe Angles and one Acute Angle, is oppoſite to 
2 Spherical Triangle ſimply Acute Angled, © contra: — As if the Angles at A and 
D be. ſuppoſed Acute, then the Triangle BDC, with two Obruſe Angles at B and C 
; and one Acute Angle at D, 15 oppotite co the Simple Acute Angled Triangle ABC. : 
19, 4 Spherical Triangle, with two Acute Angles and one Obtuſe, « oppoſite to 8 


$9 = I a 
\ 


Spherical Triangle ſimply Obruſe Angled, &- contra : As it the Angles at A and 
F D be ſuppoſed Obtuſe, then the Triangle ABC, with two Acute Angles at B and C, 
? and one Obruſe Angle at A, is oppoſite to the ſimply Obtuſe Angled Triangle B D C. 
; 20. The three Angles of every Spherical Triangle, are greater chan two Right An- 
les. 
n This is manifeſt in Spherical Triangles having more Right or Obtuſe Angles than One : 
But in Acute Angled Triangles, it may be thus Demonſtrated. 

In the Right Angled Spherical Triangle ABC Right Angled at C, and Acute Angled Fig. IV. 


at Aand B. 


| BAC E F | 
The meaſure of the JABCY is the Arch 6 (by the 4 hereof.) 
Acute Angle, or CHI 
DBE 

Bur the Arches E F and ED together, are equal to a Quadrant; therefore the Arches 
FE and HI added together, are more than a Luadrant, and conſequently the Angles 
anſwering to theſe Arches, namely, the Angles BAC and ABC together, are more 
than a Quadrant. But the Angle AC B is a Right Angle, by the Propottion; therefore, 
in the Spherical Triangle ABC, conliſting of two Acute Angles, the three Angles toge- 
ther are greater than two Right Avgles. 


Again, 


Cuxsus MaTHEMATIiCUS. 


Book by 


s 


Again, In the Acute Angled Spherical Triangle K LM. 


KLM NO 
Acute Angle. LM K\ R Q 


But theſe three Arches, NO, V X, and RQ together,are more than two Duadrants: 


| For PQ and PV, (being the Complements of the two Arches QR and V X,) added 


Fig. VI. 


"oy 


cogether, are leſs than the Arch N O, by the Propoſition : Therefore the Arch N O, be- 
ing the Meaſure of the third Angle, 15 more than the Complements of the other two 4n- 
gles added together ; and conſequently, the third Angle is greater than the Complements 


of the other twa Angles. And therefore, in» Acute Angled Spherical Triangles, the 


three Angles are greater than two Right Angles: Which was to be demonſtrated. 


0 OS Co tn A A AA I AO I 
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CHAP, 


Of the Four Fundamental A XIOMS, laid down 
by Pitiſcus and others ao the Solution of Sphe- 


rical Triangles ; with their Demonſtrations. 


—_— —- — O'S ——  —— —_ _— ———— 


AXIOME [L 


h: Right Angled Spherical Triangles, having the ſame Acute Angles 
at the Baſe : The Sines of the Hypotenuſes, and of the Perpendicu- 
lars are Proportional one to the other, & contra. 


Conſtru- ENT DF A KM be a Spbere, To which let K M FA be the Horizon : let D 
tron be the Zenith, (or Pole of the Horizon ; ) let FDK and CDR be two 
Azimuth or Vertical Circles , paſſing through D the Pole of the Horizon, and Cutting 
the Horizon at Right Angles in the Points K, R, F, and C, which they will do, (4 rhe 
2 of Se&. 1. hereof.) Allo, Let MEA be a Great Circle of the Sphere, cutting the Ho- 
r1zon obliquely, but the Vertical Circle RK. DF at Right Angles at E, for that it patleth 
the Poles thereof M and A, (by the 3 of Sec. 1. hereof.) And 1s alſo cut by ut into 
two Luadrants ME and A E, (by the 2 of Sed. 1. hereof.) 
In this diſpoſing of theſe Circles of the Sphere, there are (among others) conſtituted - 
two Right Angled Spherical Triangles, viz. AB C and AEF: In which, | 


Hypgtenuſes are fAE and ABI and the AI E and GB 
' The &4Perpendiculars are &E F and B CSSines the QEN and BO 
Baſes are AF and A CYRight Lines 


' And the Acute Angle at the Beſes, A F and AC, letbe the ſame Angles, E A F and 


BAC. 
Now I ſay, that theſe Sines of theſe Hypotenuſes, and Perpendiculars, are all propor- 
tional one to the other. And ſo, any three of them being given, the fourth may be 


found ; 


For, 

As TEtoEN, fois GB to BO. 
And likewiſe, 

As GB to BO, ſos LE to EN. ; 
| | And contranly, 
As NE to IE, fois OB to BG. 

Alſo, if you change the middle terms, it will be, 
As IE to GB, ſos EN to BO. 
And in like manner, 
ASGB toLE, ſo is BO to EN. 


\ 
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And contrarily, . | 
As ENtOB:: ſors TE to BG (by the 5 of Seg. 1. Of Plain 
Triangles. R | 

Demonſtration. If che Simes GB and BO, be joyned together by the Right Line 
G O, (o that thereby be made the Triangle G BO; it 15 manifeſt that the Triangles 
G BO and LEN are Equiayg/ed. For firſt, for that the Right Lines E Nand OB, do . 
fall perpendicularly upon the P/am M F C, they do make Right Angles alſo with all 
the Lines drawn in the ſame Plain; and fo, the Angles INE and GOB are Right 
Angles. Again, ſecondly, becaule the Right Lines TE and GB are Parallel (by the 1 
of Sect. 2. of Plain Triangles) being they are drawn alike upon the ſame Right Line I A: 
And (becauſe the whole Plain ME A, is every where inclined with the ſame Right 
Angle to the Plam MF A,) therefore alſo the Parallels drawn therein TE and G B, 
are inclined with the ſame Angles to the Parallels I N and G O under them, in the 
Plan ME A; And {ſo the Ages TEN and GBOareequal; and conſequently in 
the Triangles LEN and G BO ; and where two Angles are equal to two, there alſo the 
third 15 equal to the third, (by rhe 11 of Se. 2. of Plain Triangles) and fo the Triangles 
IEN, and G BO are Equiazgled ; and being they are Equiangied, they have che! 
Sides uu the equal Ang/es proportional ( by the 8 of Sett. 2. of Plam Triangles) 
And lo, 

ASIE;toEN:;:ſo is GB: to BO. Which was to be demonſtrated. 


AXIOME IL 


I Right Angled Spherical Triangles, having the ſame Acute An- 
gles at the Bale : The Sines of the Baſes, and the Tangents of 
the Perpendiculars, are Proportional, 8 contra. 


Con/#ru-F N the two Triangles AE F and ABC in the former Diagram, in which Fig. VI. 
tion. The Smes of the Baſes AF and AC are IF and HC. But, | 
The Tangents of the Perpendiculars EF and BC, are L F and PC. 
I fay then, that thoſe Simes IF and HC; and thoſe Tangews L Fand PC, are 
proporcional ; ſo that any three - them being given, the fourth may be diſcovered. 
| or, - | 

As IF: toFL::fous HC: toPC. 
And likewiſe, 

As HC: toCP-:: fois IF: to FL, 

| And contrarily, 

As FI. : istoFl::fois PC:tro HOC. | 

And by changing the middle terms (it will be, 

As IF:tolHiC:;; ſos FL: toP C. 
And likewiſe, 

As HC: to IF::lois CP; to FL: 
And contrarily, | 

As FL AF PC::foisFI:to'CH, (by the 5 of Set. rt. of Plain Tri- 

| angles. | 

Demonſtration. 5 drawn the Righe Lines TL and H ÞP, and conſtituted the 
Triangles LLF and HPC, thole Triangles ſhall be'Equiangjed ; and conſequently pro- 
portional in their Sides ; they ſhall be Equiangled becauſe of the Right Angles at F and 
C, and their equal Angles at I and H, and therefore alſo at L and P. 

Again, the Ang/es IFL and H CP are Rigbe Angles, becauſe the Tangents of the 
Perpendicular Arches EF and BC, namely, LF and P C, are perpendicular to 
the whols Plain of tlie Circle M F A, (by the ConſtruFion,) and therefore alſo to the 
Lines I F and H C drawn 1n that Plain, 3 | | 

« Laſtly, The Angles LIF and P H C: are equal, . becauſe the Right Lines I L and 
H P, drawn by the lame Plam, are Parallel one ta.another, and to the Plain of the in- 
clining Circle DF : Therefore are they inclined with equal Angles to the ſubjeted Pa- 
ralle!'s LF and HC, which two are Parallel, to oo they are drawn (both of them 
alike) upon the ſame Right Line I A. - Allo the Right Lines ] L and H P are Pa- 
-allels, hey being the extreams of the two Triangles YL F and HP C; and being ere- 
&ed perpendicularly upon the Para7el Baſes LF and HC; becaufe of the Perpendi- 
cizar Tangents CP and FL An4 alſo, the Right Lines I L and HP are G_ 

y 
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by the ſame Plain of the Semicircle ME A; becaule the Secant I L, when 1t cutteth 


the Circle ME A, 1n the Point E, cannot fall but upon the Plam of that Circle. 


In like manner, the Secant I P, when it cutteth the ſame Crrcle M E A in the Point 
B, cannot fall but upon the Plain of the ſame Circle; which Plam, 1t it ſhould be ex- 
rended, according tothe Right Line I P, it ſhould fall upon the Tangent P C, in the 
Point P; and fo the Point Þ ſhould be 1n the Plain of the Circle M E A fo extended : 
But the Point H is appointed in the ſame Plain; therefore the Right Line PH is a Line 
falling berwixt ewo Points in the ſame Plain, and thereupon drawn by the ſame Play : 
All which was to bs demonſtrated. | | | 


AXIOME II. 


In all Spherical Triangles, the Sines of their Sides are direftly propor- 
| tional to the Sines of their oppoſite Angles. © 


Fig. VII. —_—_ ABC be a Spherical Triangle Right Angled at C: And let the Sides 
Eon 


thereof be contmued nll they make the Quadranis A E, AF, and CD. 
Alſo from the Pole of the Quadrant A F, wiz. from D, let be two other Quadrents 
drawn down to Hand F ; ſo ſhall there be made three new Triangles, BD E,and GDE 


- Right Angled, and BD G Oblique Angled, Now I ſay, in the Right Angled Spherical 


Triangle ABC, 
ASACBistoAB, fois ABCto AC. AndſosBACtoBC. 
Or by changing the middle cerms, 
As ACBirto ABC, fois ABto AC, &c. | 
Likewiſe, in the O5/ique Angled Spherical Triangle B D G, I ſay, That 
As BDG © BG, fois BGD toBD; and ſo is DBG to DG, &c. 
Demonſtration. Firſt, as to the Right Angled Triangle A B C. 


Wherein the 2 and the meaſure( = or N DJ. of the fame quantity ; 
Angle ABC thereof OP (by the 3 of Sett. 1. hereof.) 


| Now, it is all one if I ſhall ſay, 
As ACBisto AB, os BACtoBC. Or, 
As AESsto AB, fois EF to BC. (by the Firſt Axiome hereof, ) 
In like manner, it 1s all one if I ſay, 
As ACBis to AB, los ABCtrto AC. Or, 
As OBusto AB, fois OPto AC, (By the Firſt Axiome hereof alſo. } 


But by the Rules already demonſtrated, | 
AsACBis to AB, ſos ABCtoAC; And ſos BAC toBC. 


Therefore, 


As ABCrtoAC, ſos BA Cto BC. 


Secondly : As to the Oblique Angled Triangle BD G, becauſe (by the Demonſtration f 
Right Angled Triangles, ) 


As BDs DEB, fois DECoDBE. And, | 
AsDG to DEG, tp to DGE, or to DGB. 
| bh. | 
As DGisto DB, ſo B8DBE (or DBG) to DGB, &c. 
And if from B, a Perpendicular be let fall to S. 
| : Becaule then, 
As BDis to BSD, fois BStoBDS. And, 
As BG is to BSG, ſo is BS to BGS, or-to BG D. IN 
Therefore alſo, . 
ASBG is to BD, fois BDS (or BDG) to DGB, e&&c. 


For if thus, 
(4 I2 1) (2 And, 
As 427eto 12d $180 6 Then, 
03 C 4 p (6 Which was to be demonſtrated. 
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AXIOME IV. 


In all Spherical Triangles; if firſt ou add two Sides, cither of them 
leſs than a Quadrant, together, and then add the leſſer Side.. ta the 
Complement of the greater Side: : Aud if you ſubtra_the Sine 

| of the Complement of the former compoſed Arch, from the Sine 
| of the latter compoſed Arch; Or if you add it to the Sige of the ex- 


S the _ 1s to that half of the Righr Line, ſo made, (either by Addition or Sub- 
craction | EE 

So 15 the Verſed Sine of the Angle comprehended between the two ſaid Sides, 

| To a Regbt Line, | EM | 

Which ſubtracted from the Sine of the latter Compoſed Arch, leaveth the Sine of che 
Complement of the third Side; Or from whence, the Sine of the latter Compoſed 
Arch (ubtra&ted, leaveth the Sine of the Exceſs of the Third Side. | 

Oc contrarily, | 
As the half of that Right Line, | af 
Is to the Radiwe. 2 

So 15 the Right Line made of the Sine of the latter Compoſed Arch, (either by Subtra- 
ion of the Sme of the Complement of the third Side z or by adding of the Size of the 

excels of the ſame third Side,) 

To the Verſed Sine of the Angle comprehended between the other rwo Sides. 

This is the Fourth Axiome laid down by Pitiſcws, as it is rendred in Engliſh by 
Mr. Ralph Handſon, which Axiome Pitiſcus demonſtrates by Right Sines, and maketh (e- 
yeral Caſes thereof : Now this Four:b Axiome, being moſt ingeniouſly laid down, and 
demonſtrated by Verſed Sines, by Mr. Michael Dary (a late painful and induſtrious 
Mathematician) I will here inſert, inſtead of this of Pxiſcae, ir being more brief and 
general, and I ſhall give it you in his own words, as many Years -{ince I received 
it from him. > ORD 

The following Axiome being demonſtrated by the Verſed Sines , I ſhall ficſt give 
you | ” 
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The Definition of a Verſed Sine. 


| The Verſed Sine of an Arch is the Segment of the Diameter, drawn from one end of 
that Arch till it be cut by a Perpendicular from the other end of the ſame Arch. 
Now according to this Definition, [I ſay of the Verſed Sines, as Puiſcas of the Right 
Sines,] The Verſed Sine of an Arch, more or leſs than & Semicurcle, x one and the [ame 
- Righc Line: As in Fg. VIIL. 
| I ſay the Right Line BS 1s the Verſed Sine of the Arch BG, by letting fall the Per- Fi. VIII 
pendicular G S. Allo I ſay, the ſame Rigbt Line BS, is the Verſed Sine of the Arch © * 
BG DR, which doth as much exceed the Semicircle BG D, as the Arch B G doth 
fall ſhorc of it. | bh 50: 2 
I chought good to premiſe this, leſt when there had bhapned an. Arch more than 180 d. 
. the Uſe of the ſucceeding Axiome, « beginner might have been put to a Non- 
pius. | 


Now 
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Now I ſhall deliver the' Axwme iwthele Words, 
AXIOME. IV. 


I all Spherical Triangles, JP 
As the Difference of the, Verſed Sines, of the Summ, and of the Dif- 
ference of any two Sides including an Angle, 
Þ to the Diameter : | 
So #s the Difference of the Verſed Sines of the third Side, and of the 
Difference of the two including Sides, 
To the Verſed Sine of the Angle comprehended between thoſe two Sides. 
Or Contrarily, 


A the Diameter, 


Is to the Difference of the Verſed' Sines of the Summ,and of the Difference 


of any two Sides mcluding an Angle : 
So #5 the Verled Sine of the Angle comprehended: by thoſe two Sides, 
To the Difference of- the Verled Sines of the Third Side,and of the Diffe- 


rence of the two including Sides. 


Hich difference being added to the Yerſed Sine of the difference of the ewo in- 
cluding Sides, you have. the Yer/ed Sme of the thisd Side. & 
Now (according to this” Axieme) IL ſhall ſhew you the Proportion. Geometrically, by 
laying'down a Proje#ion of the Sphere. 


ion. Let there be a Circ deſcribed, as A BEDA (in Figure VIII) and, 


ler-it repreſentthe Meridiang Alfolet A repreſent the Zenich, E the Nadir, AE the 
Prime Vertical Circle of Eaſt and Weſt : Let B repreſent the Pole Ar#ick, and D the Pole 
Antarfick , and BD the Hour Circle of Six, or - pres of the Sphere : So ſhall A Bbe 
the. Complement of the: Latitude: of the Place, (the Sphere being thus retihed.) Allo let 
AG, AC, and AH, eachof them be Complements of the Sun's Altitude, or of his di- 
ſtance from the Zenith A. And let BK, BC and BL, be. Complements of the Sun's 
Declination, or of his diſtance from the Pole B. Thele things thus laid down, I ſay, 
Demonſtration. Let'the Triangle AB C be given; whoſe Sides A B, A C, and CB, 
are known; and let the Angle © AB be required. I now ſay, that BG 15s the Summ 


-of the Sides A Band AC; for A G (equal to A C) 1s put to A B; (but if equal things 


| be put 10 equal rings, their total ſhall beequal;) therefore T lay, the Arcb BG 1s the Summ 
of eh ing Sides A Band A C. | 


etwo inclu 

Now the Ver/ed Sme of this Arch BG, 1s the Right Line BS (by the Definition of a 
Verſed Sine) made by the falling of the Perpendicular GSR, upon the Diamater BD 
(by the 136b of 2. Pets.) | | : 

Again, I lay, B _ che nrnrenk —_ AB _ AC, 1 a to dap br F 
taken away it, (but if | things be : from e things, the remainers e 
equal; ) Therefore I fangs rac BH, is the: Remainer or Difference, of the two in- 
cluding Sides AB and A C: Now the Verſed Sine of this Arch BH, is the Right Line 
BM (by the Definition of a Verſed Sine) made by the falling of the Perpendicular 
HM Y, upon the Diameter B D (by the ſaid 13 of the 2. of Pitiſc.) Allo the Verſed 
Sine of the Arch BC, the third Side is the Right Line B P, made by letting fall the 
Perpendicular K ÞP L upon the Diameter BD. i 

ow the Right Lines HV, LK, and RG are Parallels (by the 38 of the 1 of Putiſ- 
cus, Or by the 1 of Sett. 2: of Plain Triangles, and alſo by tbe Conſtruttion of the Figure) 
Then (by the 39 of the x of Pitiſcus, or by the 2 of Set. 2. of Plain Triangles. Or by 
the 28 of the 5. of Ramw) If Right Lines be cut joimly by many Parallel Right Lincs, 
thetr Interfet}ions are proportional one to another, But the Right Line M S ( the difference 
of the Verled Sines of the Summ and of the difference of the two including Sides A B and 
AC,) as allo G6H the Parallel of Altitude; [ which may be put to repreſent the 
Diameter of the Cacle given, (though it be the Diameter of the Almicanter) which oY 
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be the Point C, aivideth it into two Verſed Sines, viz. C G and H C] are jointly cut 
by the foreſaid Parallels, Theretore I fay,'the Interſezments of the Right Lines M S 
and GH are proportional one to another 5 That 1s, 

As MS, the Interſegment of the Parallels U H and GR, [ which is alſo the difference 
: of = cy Sines of the Summ, .aud of the dittzrence of the twoinchnipg Sides A B 
: and B C, 
Is co G H, the other Interſegment of the ſame Parallels U H andGR, [which is alſo 
the Diameter ; | 

So MP, the Interſegment of :he Parallels V H and K L,; [which is the difference of 

the Ver/ed Sines of the third Sids CB, and of B H, the difference of the two inchding 
Sides ABand AC,] | h 


-_ 


f To H C, the other Interſegment of the ſame Parallels, | which is the Verſed Sime of the 

| Angle CAB.] os | 

; Ilhich was, &C. 

1 The Work (according to the Axiome) illuſtrated by Numbers, 

In the Spherical Triangle A B ©, let the three Sides be- 

: AB 3o deg | | | 

AC 50 deg; And let it be required to find the Angle C AB. 

4 BC 70 aeg. 

| The Summ of AB and AC, viz. BG. 89 d. the Verfed Sine BS ——— $2635 

| The third Side C B 70 deg. The Yerſed Sine P B ———— ———.— 65798 
The Difference of A B and A C, viz. BH 20d. the Yerſed Sine B M — c6031 

| ' The Difference of BM and BS, is MS ——_=__—__——— 76604 

| The Difference of BMand BP is M P Wm — — 59767 


As MS 76604 is to G H 200000, fo is MP 59767 to CH —— 156041 
Which 156041 15 the Line C H, and is the Verſed Sine of the Angle CAB 1246. 
5 min. the Sun's Azimnth from the North pait of the Meridian. And thus 15 the & 
part of the Axiome laid down lufficiently proved : And for the ſecond part, it is no- 
thing butthe Converſe of the Firſt ; and the Proportion 1s changed thus, 
As the Second Term, 1s to che Firſt, , 
So 15 the Fourth Term to the Third. 


The Lord N EI PE RS 
INSTITUTION 


Spherical Trigonometry, 


Fitted and applyed to PraQiice. 


HAGER bo bn t3 


H E following I"{titution of the Right Honourable Fobn Lord Neiter, Baron of 
l KL Merchiffon 1n Scotland, thus fitted and applyed to Prafice, I received (many 
4 Years fince) in a Latin Manuſcript, from the Hands of the Right Worſhipfal (and 
my ever Honoured Friend) Sir Charles Scarborough M.D. comprehended in 23 Setions, 
which 1 have faithfully Tranſlated, and retained in the ſame Number, but have caken 
the boldneſs a little to inlarge ſome of them, and to exemplifie others, wherein I appre- 
hended any doubt or difficulty might ariſe to the Young Tyro in this Do&#rine ; for 
which, it the more knowing herein ſhall blame me, yer che more unlearned will ex- 
cuſe, my principal ain (not only in this Tra&ate, but in all the others of this 24;{- 
cellany) being to render all things therein obvious to the meaneſt capacity. CH p 
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Curxsus MaTHEMATICUS. 


CHAP. LI 
_ Of Rectangled Spherical Triangles. 


SECT. L 


þ a Reftangled Spherical Triangle, there are ( belides the Right Angle) Five other 


Parts; whereof thoſe three which are more remote from the Rigbe Angle, Neiper 


changed into: their Complements. WEE 

C As in this Triangle ABC, Right Angled at A; for the 
three remote Parts, to wit, the Angle; B and C, and 
the Side B C, he takes their Complements, Theſe three 
Complements, with the Sides A B and A C, do make 
Five Parts ; which by an Artificial Term, he called Cir- 


cular. 


Side AB. 

we AC: | 
viz. The < Complement of the Angle at B. 
Complement of the Angle at C. 
Complement of the Side B C. 


But the Right Angle at A, is [et afide from being any of the Circular Parts. 
SECT. IL 


| Now in the Reſolution of a Re# angled Spherical Triangle, there be two other Terms 
given (beſides the Right Angle) to find out a Third. 


SECT. IIb 


' Theſe Three Terms (namely the two that are given,and the third which is required) 
muſt be firſt looked upon according to their Circular Parts. 


SEC TT. Iv. 


Of which, one is named, the Middle (or Mean) Part; the other two are called 
the Extreme Parts, borrowing their Appellation from the Situation of the Terms them- 
ſelves ; For, of three Terms, one muſt be neceſlarily in the Middle, and the other two 
in the Extremes ; therefore, the Circular Part of the Middle Term, is called the Middle 
Part ; And the Circular Parts of the Extreme Terms, are called, the Extreme Parts, 


SECT. YV. 


But the Extreme Parts, may be two-fold, either Comjun#, or Dijuni: For thoſe 
three Terms (beſides the Right Angle) do come in queſtion according as the two Ex- 
memes are from either Part 1mmediatly joined to a third Mean, or are Disjoyned from 
the ſame, by a Side or Azgle interpoſed on both Sides : So are their Circular Parts na- 
med Extremes Conjunt, or Extremes Dujuntt. 


| SECT. YL | 
But of thoſe three Terms which may fall in queſtion, we will ſubje& all their Yari- 
eties in their Circular Parts according as every one of chem ought (in reſpe& of each 


other) tobe called the Middle Part ; or the Extremes Conjuntt or Diftintt ; as in the fol- 
lowing Anahfic or Table is fully Demonſtrated. | 


- 


ERGaAds yea? ; 


+ 
We - X "Oy" . —d _" FRY + 
i It A 'G,, FD : Og A ry 
v TOI AS a rd Fro 


TILE s >. ES$>424 REID +> on ON # _ 
& KEI RE IS i OR TOO Oe 


Part I. 


EE  —————— 


E Py a_ _ Com. B Com.BC, &Com. C 

3 N Sides AB, andCom. C J Com.BC, &Com. B ES 
& » Sides AB, andCom. BCE ETes CAndd Side AC km © Extrert!; 
Compl. © Q® ES YS1des AC, andCom. Bo \EmPING, Side AB,&Com, B ( joyn 
Compl. BC I 85 &C Comp. B, andCom. C Side AB,&Com. AC 


Þ But here it is to he noted, that the Sides AB and AC, are ſuppoſed to be joyned to- 
getber (as one entire part) becauſe the Right Angle at A. « not reckoned amongſt the 


Circular Parts. 
SE CT; 


Therefore in the Reſolution of a Right angled Spherical Triangle, to Enow the Mean 
and Extreme Parts, you muſt obſerve, thar, | | 

1. If one of the Gree Terms (which, beſides the Right Angle, come in queſtion) 
doth ſtand alone by it ſelf, ſevered from the other two on both Sides, (as the Side BC, 
from the Sides C A and BA, by the Angles B and C interpoſed, that ſhall be the mid- 
dle Term, and ſo its Circular Part ſhall he called the middle Part: And the other two 
Circular Parts are the Extremes disjoyned : But, 

2. If the three Terms do immediately adhere together, the middle Term doth eaſily 
ſhew the middle Part ; and the Extreme Terms the Extreme Parts conjuntt. 

Theſe things being all rightly underſtood, the whole Trigenometry of Sphericals will 
be abſolved by this one Propoſition, which therefore we, will call Carholick,, or Unroerſal. 


SECT. VIE. 
© * Propoſition Univerſal. 


Side AB y& 
Side ACY = 
If the <Comp!. B L 


The Sine of the Middle Part, and the Radixs, are Reciprocally Propertional with the 
Tawgents of the Extreme Parts Conjuni#, and with the Co-Simes (or Sines Complemems) 
of the Extremes Digun&# : That 15, | | 

As the Radius, * 
To the Tangent of one of the Extremes Conjun&, 

So is the Tangem of the other Extreme Conjuntt, WF. 

| To the Sine of the. Middle Part ; & contra. Then allo, 

As Radius Z EP 
To the Co-Sine of one of the Extremes Disjunt?, 

So the Co-Sine of the other Extreme Dizjuntt, 

To the Sine of the Middle Part; &r contre. 


_ Corollary; 


Wherefore, 1. If the Middle Part be ſought, the Radins ſhall be in the frf Place 
of the Proportion; but it one of the Extreme Parts be ſought, then the other 
Extreme ſhall be 1n the fir/# Place. Of the ſecond and third Places it mattereth 
nothing how they be. diſpoſed. Alſo, Sh | 

2. If th: Extremes in any Proportion be dirJun& froth the Middle Part, the Propor- 
tion will be performed by Sizes only: But if the Extremes be comunt} to the Mid- 
dle Part, it muſt bz pertormed by Sines and Tangents joyntly. | 

The Demon{iratios of the Univerſal Propoſition 15 abvious enough, for where the 

Extxemes are Disjun&, the Proportions 4ifFzr nothing from the common anes; and in 
the Extremes Conjunit, where 1t 15 commonly ſaid 

. » - As Radins $35 

To jhe Tangent. 
Tec Here 


Mit. ll... A. 
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Here we ſay, 
As the Co-Tangent 
Is to Radius. 


And likewiſe Inverſely and Contrarily which is yy the ſame thing : becauſe 

The Radius, is « Mean Proportional between the Tangent of an Arch, and the 
Tangent Complement of the ſame Arch. | 

But here Note, That when « Complement in any Proportion, do chance to concur with, a 
Complement in the Circular Parts ; you muſt then always take the Sine it ſelf; or 'the 
Tangent it ſelf ; inſtead of the Co-Sine or Co-Tangent m the Circular Parts : becauſe 
the Co-Sine of the Co-Sine, is the Sine z or tbe Co-Tangent of the Co-Tangent, is the 
Tangent zr /elf. : 

As in the IV. Caſe following, where AB and CA are given, and the Angle at Bis 
required: here C A-is the Middle Part, and CB and B arethe Extreme, diſtintt ; 
wherefore (by the ſecond part of the foregoing Core/lary) the Proportion will be 
* wrought by Smzs only. And (by this) becauſe the two Extremes CB and B fall upon 
Complements in the Circular Parts; therefore inſtead of Co-Sine B C, and Co-Sine B 
you muſt uſe Sine BC, and Sine B, HS | 

To give Examples of all theſe in the Solution of the XVL Caſes of Right Angled 
Spherical Triangles, will not be unprofitable. And . 

For the performance hereof I ſhall make uſe of the foregoing Right Angled Spheri- 
cal Triangle AB C, the quantity of whoſe Sides and Angles the Table following doch 
plainly exhibit. And in every Caſe I ſhall expreſs the two Terms Given (belides the 
Rigbt dngle) by marking the Side or _ given with a daſh through the ſame thus , 
and the Term Required, I ſhall mark with ( 0). Allo, to avoid the often turning over 
of the Tables, I have here ſet down the Smes and Tangents, and the Co-Smes, and Co- 
Tangents, of all the Sides and Angles of this Exemplary Triangle, as followeth. 


| 


— 


| Sme. 
de. m1 | de. mi.} 


1 TY: 50.I0 3.88531099.3o65595 10.0987534h9:9212.466 39-59 
Si 


Ox— 


Co-Sine. | Tangent. | Co-Tang. Compla 


AC 51.30\ [9-59354449-7941496||10.099394$]9.990605 1138.30} 

B C 66.30, [9.96239999.6006997[|10.3616981]9.6383019123.30} 

angle 3 B $8.35| [9-9311522/9.7170536 1921499969.7859024j31-25 

22 C $6.52, [9.91293349.7376611|110.t852723/9.814727713305| 
SECT. I& 


The XVI. Caſes of Right Angled Spherical Triangles. 
The Hypotenuſe B C, and the Angle C given, To find 
CasE I. The oppoſite Side AB, the Middle Part. 


As Radius, go deg. | 10,0000099 
To Sine C 56deg. 52 m- | |  9,92293 34 
, 'SO.15 Sine BC 66deg. 30m 9,9623978 
A. To Sie B A 50 deg. 10 me 29893312 
C CASE IL The Side adjacem AC: Extreme Conjuut. 
As Co-Tangem BC 23 dep: 3am 9.6z8z019 
To Radiwne go deg. mm. 
So Co-Sine C 33 deg. $ m. | 19.737661t 
a To Tangent CA 51 deg- gone | 100993592 


CASE 


OT Or IRE INNS 


> TI, SO OT OE or A IT. * * $2.44 v* : 7 * Aotxet3 edt 
O Wh 2s ED Ig goo, . 


GI SIR 


I oopin Gaia: 
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CaseE Il. The other Angle B. Extreme Conjuntt. 


| C 
As Co-Tangent C 33 deg. 8 m. 9.8147277 
To Radius go deg. 4 10. pe | 
So Co-Sine BC 23 deg. 3o m-. 19.6006997 BG 
| The Hypotenuſe B C, and Side AC, to find 
} CasE IV. The Oppoſite Angle at B, Extreme Disjundt. c 
| As Sine B C 66 deg- 30m. 9.9623978 
| To Radius go deg. _ 
; So is Sme CA 51 deg. 3om. 19. 8935444 p< 
! CasE V. The adjacent Angle C, Middle Parr. c 
| } As Radius, go deg. 10. 
: To Tangent C A 51 dep. 3om. _ 0993948 
; So Co-Tangent B C 23 deg. 30 m. | 9.63583019 B 
; To Co-Sine C 33 deg. 8 m. x9.7376967 A 
' Cas VI. The other ſide AB. Extreme Disjun®t. 3: 
As Co-Sive C A 38 deg: 30 m. 9.7%941496 
To Radivs 90 deg 10. 
l So Co-Sine CB 23 deg. 30m. 19-6006997 B 


To Co-Sine B A 39 deg. 5om. | 9.8065501 


"—_ 


p—_—— 


The Side A C, and the Angle oppoſite thereto B, bemg given, Th find 


| Cass VII. The other Side AB. Middle Part. 


ce | C 

; As Radins 9o deg. 10. 

; To Tangent CA 51 deg. 30m. 10-0993948 | | 

: So Co-Tangent B 31 deg. 25 m. | 9.7859004 _ p< 

| Bea A 


To Sine B A go deg. 10 m. X9.8852952 
1 -CasEx VIII The other Angle at C. Extreme Digjunt.  C 
L | As Cs-Sme CA 38 deg. 30m. ; 9.7941496 : 
: To Radius go deg. 1D. 
j So Co-Sine B 31 deg. 25 mins 19.7179526 
: To Sine C 56 deg. 92 m. | 9:9129030 ; 
| Tet 2 


PR wy ; Is 
Wo. ON AAS 2 A; B03, wy 
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CASE IX. The Hypotenuſe BC. Extreme Disjundt. . 


@ | 
As Sine B 58 deg. 35 m- 9-93I11522 

| To Radius go deg. | IO. wn 
So SmeCA 51 deg. 30m. 19.8935 444 

B =LA. | To Sine BC 66deg. 30m. 9.9623922 


A —— 


The Side AC, and the Angle adjacent thereto C, being given, To find 
Cas E X. The other fide AB. Extreme Conyund. 


As Co-Tangemt C 33 deg. 8 m. 9.8147:97 


To Radim go deg. | 10. 
So 15 Sime CA F1 deg. 3o min. 19.8935444 


'To Tangent BA 50 deg. 10 m. 10.0788167 : 
CASE XI. The other Angle B. Middle Parr. 


As Radims go deg. 10. 
To Sine C 56 deg. 52 mM. 9-9229334 
So Co-Sme CA 38 deg. 30m. - 9.7941496 
To Co-Sine B 31 dog. 25 m. p 30 


x9.7179530 
CASE XII, 7he Hypotenuſe BC. Extreme Conjundt. + 
As Tangent CA 51 deg. 3o m.  10.0993948 


To Radims go deg. 10. 
So Co-Sime C 33 deg. 8m. fy 19.7376611 


To Co Tangent BC 23 deg. 30min. 9.63826638 


The two Sides AC ard AB being given, To find 


1 CASE - XII. Either Angle, as C. Extreme Conjund. 
As Tangent BA 5odeg. 10m. ; 100787534 


To Radius go deg. Io. 
So Sine C A 6% deg. 30m. t9.8935444 


To Co-Tangent C 33 deg. 8m. 9.8147910 
CaAsE XIV. The Hypotenuſe CB, Middle Part. 


" As Radius go deg. | IO. 


» 


| — 


To Co-Simme AC = deg. 30 m. 9.7941496 
So Co-Sme B A 39 deg. 50 m, : 9.8065575 


———— 


To Co-Sine CB 23 deg. 30m. ne" [ 
| e 


OO IG If — 
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The Two Angles B and Cc given. T ft : i_ 


Cashlh XxX Either of the Sides, viz. A C. Ext. Divjundt,” | =. 
As Sme C 56deg. 52 m. | 99229334 
[ To Radius: go deg. | Io. fe 
f So Co-Sine B 31 deg. 25 m. : 19.7170526 B 
To Co-Sine: C A 38 deg. 3om. *u 9.7941192 A 


CASE XVI. The Hypotenuſe BC. Middle Part. 


As Radius 99 deg. ID. - 

To Co-Tangent C 33 deg. $ m. 9.8147277 
So Co-Tangem B 31 deg. 25 m. — 9.7859004 

To Co-Sine BC 23 deg. 3o m. 29.6g06281 


3 MNete, Theſe are the Proportions according to the Univerſal Propoſition, yet may 
| (many of them) be hy ſo that the Radizs may be brought in the fir/# place; 

and that by the latter part of the foregoing Corrollary, which ſaith, Redixs is a mean 
| Proportional between the Tangent of an Arch, and the Tangent Complement of the ſame Arch : 
| So that (in the XIII. Caſe) where it is fad, | | 


As Tangent BA 

: Is to Radies ;; 

| So is Sme CA 

: To Co- Tangent C3 

2 It is all one, as if you ſhould ſay, ; 

As Radius go deg. | to. : 


ut 


- 


To the Co-Tangent of BA 39 deg. yomt- 9. 2112466 
So is Sie of CA 51 deg- 30m. 9-8935444 


| | To Co-Tangent C 33 deg. $8 m- 29-$147910 
And likewiſe the ſame courſe may be' taken in the Second, Third, Temb, and 


Twelfth Caſes: | | 

And thus have you the whole Dofrine of Right Angled Spherical Triangles, per- 
formed by help of this one Catbolick Propoſition. 

And as 1n Righe Lined Triengles, 1 gave you in a Synopſis a brief view of the ſeve- 
ral Workings of all the Caſes; I ſhall here do the like in Rigbt Angled Spherical Tri- 
angles, wherein L have not exadtly followed the Catholick or Univerſal Propoſition, but 
have (according to this laſt Nore j varied them, to bring the Redixe in the Firſt Place 


of the Proportion as aften as ic might» 


Tee 4 . A Smogfu 


 Cursus MarTtHEMATICUS. Book V. 


A SYNOPS IS of the KVL Caſes of Right Angled Spherical Triangles. 


Ly — 


Note, That in this Synopſis Cc , 
the Middle Part, yon | 
gy given or 1 not ; 
with an Old liſh Let- ; 
fer, | ; _ Y 
e;) © y : 
; ; : K f 
\ HED , | : 
£F_ -= 4 
| 
þ 
Ky A 
* ER 384, 55 
(Given [Requ.| PROPORTIONS \|Cafe, 
FR, B | £ ; 
| R . ceB o ctC . cs-CB 
= C B go - 5d - 309 . 464 31 12 I. | 
Bog BA sB - R ** c;sC : cs BA II . 
C god > god 6's zot 514 FY 12” 
| B | | 
| C R - es BCE :: tB . ce C : 
= x ged * 43% 28.48" :: 404 . 304 we | Od | 
B = at | 
F. | R . s CB o* sB : s:CA | 
_y C god - 46d 31 127 © 4od . 274 48 IV : 
R <<. 2 - CB - tBA 5 
= B A gol . 5od . 46d 3 "os IL 354 55* 48" V. : 
7.1 uy w_ oP 
R .” SUR 2 sB - cs: CT $ 
al 14 CT god A 519 4 12” 404 304 VL ; 
| = BC R » cs 1B © ceBA - crCB- VII. | | 
FAB god 3.8 5od e2 $0* of x2 * aa+- 23 a8” — 
B | 
CA R : :BYAF 0s *B : eCA [ym ] 
L- : go! = z3* 55 4 -- 40! - 27! 48” : 
 1-B 558 Hi ae 3 x 2 | 
| gn) C esCA : R — mt NS sC IK. 
CA 627 12. -- go? oF $04 - 601 | | : : 
. E Or Ip ——— — 
and BC sB : R > s$C A þ 4 iCB 4 X [4 : þ 
FS . Fe pp 4 4 ' LL . 
ES| | 4 4 4b'  : 46 Þ: Fe 
Bl , EE IE STIR WI T7 BE 4 26 | | 
and |B J R 00D — i225: C15 CWB Is | 
CA RE. 9. I 
dv &1 "FFCY EE 6 | 
: ce. SSL s C 
kr - 46* gu” 22 2 901 *: 381 55' 48” : 60! Xl. | 
7 #- ag OE Cs RPE | 
R : tBA -2 'ceCB > : c 5B 
| > yy Þ 904 . 33! 55' 48 .- 43? 28 48” . zo! XIII. 
= TY CA csBA - R ” W440 4 xIV 
CA oo E: go* 2:45 3 87: nt 227 : 
'BI| RAI IITY Hg | 
and B R * s B F, | => ceCA -4 ceB KV 
JCA ww gf es ex -2 50! : 
[BA IEEE: — [— 
and Ee Ro : ciCA eo” . oY © efCh XVI 
- 4 . © 4 Ul 0 7 1 8, I . 
|ca Y |  00* 242" 35 $1 2 97 LI $T -48 | CHAP. 
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given, to find the Side C B (oppoſiteto;rhe Angle D. 
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CHAP. IL 
Of Oblique Angled Spherical Triangles. . 


SEC TE: 
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N Oblique angled Spherical Triangles ; if the things Gives and Required be oppoſite, 
they are ſolved afcer the old manner, by the uſual Propofition, which is the ſame 
with Axiome Ill. betoregoing, namely, that in all Spherical Triangles ; the Sines of their 
Sides are _ Proportional to the Simes of their oppolite Angles, which i there De- 
monſtrate « ? F DO ; TE, Hs” EN 
And as it will appear in the two following Caſes, in the Oblique angled Triangle B CD. 


Cass I. 
Two Sides, and an Angle oppoſite to one of them being given, to find the 
Angle oppoſite.to the other. | 


Let the Sides BD and BC, and the Angle C (oppoſite to the Side D be given 
to find the Angle at D, (oppoſe to the cities Side EB.) = = R , £ J : 


As the Sine of BD 48d. 47 m. —_— 95018428 &; wats 3 ' 'e - 
| T6 to the Sme of C 23 d. 30m. — 9.6006997 | 


So is the Sine of CB 42d. 51 m. —— —"" 9.8325609 


| 19-4332606 
To the Sine of D 57d. 22 m. ——— 99254198 Sx 


Note here, in the uſe of this Axiome, the fame doubt'may ariſe i | Spherical OWique 
Triangles, as did in Plain Triangles, namely t'know whether the Qayieoccr why 7+ | 
red, be more or leſs than a Quadrant, therefore circumſpeion ought to th had, leſt 
in ſuch caſe you be deceived 1n finding an Acute Angle for an Obruſe, and the contra- 
ry. And therefore, beſides the bare inquiring of the Angle, the Specids of it ought 
alſo to be given, namely whether it be'tewre: or Obrieſe* As in this Example, the in- 
_—_ Fg D, was 122 d. 38 m. the Conipliment of 55d. 24 m. (the Angle found) _ 
to 1 >) 7 (3. | a "$W' 4% 2 / EN 


% - ' 
*» ; þ [| 


C231 28515 
Cass I. - 


Two Angles, and a Side oppoſite t 0 one of them being given, to find the 
Side oppoſite to the other of them. 
NM ; 1 4 © 4 , 


Le: the ewo doglc: C and D, and. the Side BD. ſoppolce to the dugle C) bo 
ETA 6:5 a.oh1 obey.) + 


As the Sine of C 244. 38'm. —_——==_ 9.664655 0 cry 4 " 


Is to Sine BD 18d. 47 m. — —— 9.507848 
So is Sime D 122d. 38 m. (or 575d. 22 m.) = 9.9253037 


Pf < —_————< 


19.4332265 
9.8325268 


And thus are the Two firſt Cales in Oblique avgled Spherical Triangles ſolved by help 


To the Sine of CB 42d. 51 m. 


of the II Axiome before ciced. 


Tee 4 SECT. 
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here be Ten other Caſes, in Oblique angled Spherical Triangles, which ma 
ſolved by the Carbolick Propoſition, (bur by ewo operations at t leaſt) and - Aber 
fiely, by m—_ of the Oblique Triangle into two Right angled Triangles, by letting 
fall a P 1 
Firt therefore, we a conſider of the manner of letting the oenBeaſer fall 


Secondly, What is to be inquired out in the firſt Operation. And, 
Thirdly. "How the Queſtion 2 to be ſolved by the Second. 


SECT. XIL. 


The P muſt be let fall in fuch pong as that the Ref ongle Triangle may 
be re Fom the three things given in the Oblique angled Triage, and that by two 
Operations only, even as this Ru/e teacheth. 


SECT. XIIL 
General Rules for letting fall the Perpend "R"a8 
r. Let the Perpendicular f fall oo om the extremity of given Side, and let it ſubtend an 


Angle given. 
ren be conterminal) let it alſo fall from the extremity of 


acent 
f the three : Rog 
the 5 neue | and let T | ns end the Angle mquired. 


of eTriongls! LCD, ; Lore Ape Cond B, and the Side 


ven, an 
© The x ne > C TW 1s Fe ll Fromm the joerg of the 
wen Side BC, yo ſubrendeth the adjacent Angle B : And 


three term 
AG fallcch En Us gre mg wor (in this bs Exneogle) i 
ſubtendeth the inquired Hagle at D. 
But if the P HT DE, be conſtituted ac- 


cording to the part of the Role, truly then the 7riengle 

may be reſolved, but not at ewo Oman, for which = 

things lake, the ſecond part of the Rule comes to be obſerved, 

and that in thoſe two Caſes only ; for in the other, the firſt 
1 Part of the Rule alone ceth. 


SECT. XIV. | 
The falleth within the Trian e when the Angles &t the Baſe (or Side 

- upon whi = Perpendicular falleth) are both of » VIZ. either both Obtulſe, or 
boh Acute ; © A Gs feb and the ther Acute. As in theſe 


ws 6 
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SECT. XV. 


The rogatials being rightly Jet fall, che ficſt | Cperettt riff bo be in che firſt Tri: 


ls, viz. in that wherein three things are iven, and that will be be eith , a Fl 
ry the Vertical Angle or the Baſe, and that by the Univerſal Propoſition ous 


SECT. XVL 
j Firſt, If an Avgle be ſought, then firſt let che Vertical Angli be found, 
q Popemtents Joch Fall upon a known Side. _ A 
: gy es It a Side be ſought, ler firſt che Bdſe be found (unlefs the Pergendicalsr 
fall from a ig For Angle) for theft the contrary muſt be obſerved every way. 


SECT. XVIL 
The Second Operation conſiſts in comparing the two Terms of both Tri- 
angles between themſelves ; viz. Of the Hyporenuſes with the are Angles, or with 


ts Baſes: Andalſo of the Angle at As (quiet lame. 


SECT. XVIIL 


For the eniel Terms of each Triangle, are zonal ; and enial in the 
et Epos tpn 
ine 1que Ti s BCD uced into the two bt angled 
| Spberical Triangles ABC and A CD, by the Perpendiculer C A. CA. 450 Hhe 


I ſay, that inthe Sizes and Tawpents of the Ci 
cnlar Parts « will be, ; vY 


As the Boſe AB: To the Angle at the 
Baſe B. 
— To the Angle at the 


For the Perpendicu/er C A being aſſumed, the B ov 
- will be the middle Part, and Sharks Complement 
AC, are the Extreme Parts Conjuntt ; war omg þ 
As the Tangent of A C, 
- bro ins 3 
So is the Sine of AB, 
os TEE 3 i iengle ADC; the 346K D;. will bo ths audi 
| In hks manner, int e 
| Pan, Gans Bam of hs Ae ar BY and the he Perpendicular A C, reegn 
tremes Cee » Wherefore, by the Univerſal Propoſition, 


| $ is Sme A D, 


fore yh nn. 
| Therefore (by the 11. P. 5. Euch.) 
As the Sime of AB 
To Co-tangent of B; 
So is the Sa of AD, 
To the Co-revgent of D. 
And there is the like reaſon in Demonfrating in the other Parts ; for, tas Pope 

ber ſhall be always one (and the fame) of the Exrremes in both Triengles. 


SECT. 


Term given, and i _— in yr ebay 
thoſe may be —— Middle Part, and w 


< > Crore 44 «NORSE (ans Wo 2275 Rs. a oe tie. 4» 


— he 


” —_ > 
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—— 


is 3 whereupon Sines or Tangents may be fitted to them according to the Fropeſirion Unz- 


wverſal, to which doanſwer 1n all things the Homogenial Parts of the firſt Triang'e: Then 
the Perpendicular being rejeted, together with the Radims, we compare the Middle 
Part andjone ot the Extrexes.of the firſt Triargle with the Middle Part,. and one of 
lowing me A an ant | | "WI 
But we ſuppoſe the F;r{t Operation, for finding the Vertical Angle, or the Baſe, (ac- 
cording as the Queſtion requires, ) to be pertormed by Se&:on VII and Section XV.) 
Now what hath hitherto been delivered concerning the Solution of Oblique angled 


Spherical Triangles, Þ will. here illuſtrate in the eight following Caſes > And that all d1ffi- 


culties may be removed, I will work the ſeyecal Operations at large. 

- The Triang/c that E ſhalt make uſe of, ſha[l be the Oblique angled Spherical Triangle 
BCD. Thg Sides and Angles, and Segments, of Sides, and Angles, as allo the Sines and 
Ro and their Complements, are all of them as the following Figure and Table doth 
exhibit. 


nad. we ee | TD 
1 Sides __ Ang. | Sine Co-Sine } | Tantemt | Co-Tangent 
c mt} "_ R ns = :  in- 
| B C 30 {| ol 9.937531 | | _ To.238561 | 60. © 
17 C D' 24 . 041 9.610446 9.960505 9.649942 | 10.359058 1 65.56 
| 9.826770 |. 9.570047 9956723 [| 10.043277 | 47-51 | 
i m——_—— I — CC _— ' 
, 9.770696 9.907222 |, | 9.863355 10.13661F, $4+-52 ; 
wal 09 | 9.986904 9.383675 | 0.603229] 9.396771 { 76. © 
D 46 ..18f 9.859119. | 9539494  10.019714 | 9.980285 ; oa 


wy - ob jd & [ 
- _— —_ .., wa Cm—  —— | —  - | CE + — 


BA 25 . 00 | 9.625948 | 9.957276 9.668672 10.331327 be. - 
AD 17. 09 | 9.469637 | 9.980247 | 9.489390 | 10.51C610 | 72.51 
BCA 57 - 42 ——— 9.727827 | | 10,199163 | 9.800836 ; 32.18 j 
: ACD46 - 18 959119: 9.839404, + TOOIg7IT4 9.980285 43-42 
C A 17. 9g] 9.469637 Repderrll 9.489390 10.510610 72.51 


The Eight following Caſes of Oblique Spherical Triangles, Exemplified.. 


CasEt IL 
Two Sides BC and CD, and an Angle oppoſite to one of them B being. given ; To 
etween the two grven Sides. 


find the Angle C, comprehende 
SR pt In the Oblique, engled Triangle B C D, let there 

be given the ewo Sides CB and CD, and the 

Angle .B oppoſite to the Side C D; and let the 
" Vertical Angle at C be required. 

.; Firſt, for the Perpendicular C A (by the firſt part 

of the Rule Se. 13. ) it 1s let fall from che ex- 
ecremity of the given Side B C, and it ſubtendeth 


La 


the 


the Hot « of che Second, as is done before, and as will be manifeſt 1n the eghe fol- 


ONE TIS Foes ——_— Fe 
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the given Angle B. And (by the 14 Sef. it falls within the Triangle, becauſe the 4»- 
gles at the Baſe be both Acute. | 

And thus is the Oblique angled Triangle reduced into the two Right angled Triangles, 
BCA and DCA, both of them Right angled at A, in the firſt of which 77iangles, 
namely in B AC, there is given (belides the Right Angle, the Side CB, and the A»- 
gle ar B, to find the Vertical Angle BC A, which may be found by the I. Caſe of Rigbt 
angled Spherical Triangles ; thus, FE 


As the Co-tangent of B 54d. 52 m. — — — 10.136615 
Is to Radivs go d. ———— 10. 
So is the Co-Sine of BC 60d. — _ —m—mnm_—_ 19.937531 


To the Co-rangent of BCA, 575d. 42 m. ——— 9.S00916 
Having thus found the Vertical Angle BCA, 1n the firſt Triangle A B C, you muſt 
conſider the Homogeneal Parts in both Triangles (by the 18th Seftion.) which will be 
the Side C B, and Armgle BC A 1a the firſt, and CD and the Avgle ACD in the 

Second. And then, > 

As the Co-ramgent of B C bo d. o——— —_ 0.6 

To the Coſme BCA 320d. 18 m. —— —————- 9.727828 

So is Co-tangent C D 65 d. 56 ———-——— —— ——— 10350058 

| 20.075886. 

To the Co-fme A CD 43d. 42 — ———— 9.839325 
Whoſe Complement 46 deg. 18 min. 15 the Angle A C D, which added to 57 deg. 


42 m. the former found Angle B C A, maketh 104 deg. for the whole Angle BCD. 


CaSE IV. | 
To find the Side B D adjacent to the given Angle B. 


The Perpendicular being let fall, the Triangle is © 
reduced into two ReFangled Triangles A BC and 
A CD, in the firſt whereof is given (beſides the 
Right Angle) the Side B C, and the Angle at B, to 
find the Side B A, (By the Il. Caſe of Right An- 


gled Spherical Triangles.) | B D 
As Co-tangemt B C 60 d. =_ — — | [0.238561 

To Bai god —— —— women I 
| So is Co-ſmne B 54 d. F2 MN, —  ——o—— COR TT CT ny aa a 19.9907222 
To the Tangent of BA 25 d. ——- —_— 9.668661 


Which being found, the Hemogeneal Terms in the twq Triangles are the Sides C B 
and CD, and the Segment: of the Baſe AB and AD. Wherefore,  — © 
As Co-fine BC 60 deg. tm conn CGI TELS 
To Co-fine C D 65 deg. 56 —— ———— — — — 9960505 
So Co-(ine A B 65 d. —____ 
| | _ '- +19.917781 
To Co-ſime AD 72d. 51 — m_—_——————— %VYg; 
Whoſe Complement 17d. 9 m. Added to B A 25 deg. maketh 42 deg 9 min. for 
| $37 4 £ | 


| — 


the whole Side BD. 


The two Sides BC and BD, and the Angle B comprehended between 
them being given, to find, 


CASE V. 
Either of the Oppofite Angles, viz. DB. 


The Perpendicular being let fall, in the Righe 
angled Triengle ABC, there is given CB and B 
; to find the Segment B A, (by the II. Caſe of Rigbr 
angled Spherical Triangles, as in the laſt Caſe, it 
was found to be 25 deg. which found and ſubtra- 
Red from BD 42 deg. 9 m. leaves 17 deg. 9 m. 


Cursus MartamEeMarticus. Book IV. 


for the Segment A D. And now the Homogenea! Terms are the Sides A B and A D, and | 
the Angles B and D, wherefore, | 
9.625943 


the Sine of A B 25 deg. —— 
Isto the Co-t ent of B 54d. $2 IJ, _—_—_—— ce mn rn rn nrnnts Cnaeumnnts we, 10.126615 
So is the Sie AD 179. 9 IN, —— op oma Pawan Fs 2... «wok 7 
| I9 606252 
To the Co-tangent of D 43d. 42m. —— —— ——— —— 9.989304 
Whoſe Complement 46 d. 18 min. is the quantity of the Angle at D. 


Casz VI. 
The Third Side, CD. 


| R—————— 


You muſt firſt find the Baſe B A in the firſt 
Triangle, 25 deg. which ſubtragted from B D 
42d. 9 m. leaveth 19 deg. 9 m. for the-Baſe AD 
in the Second Triangle. And the Homogeneal Terms 
will be the Baſes A Band AD, and the Hypore- 
uſes C Band CD. Wheretore, 


As the Co-Sine of A B 65 deg. == 2:957276_ 
To Co-fine B C bod. ——— — —— ——— g997;;1 
So Co-ſine A D 52 d, 5 m-. — 


| 19.917778 
To Co-fine DC 65d. 56 m. — — _— 9.960502 
Whoſe 2 6 1h 24 deg. 4 min. 15 the third Side C D. 


Two Angles B and D, and a Side oppoſite to one of them BC Being 
| given, to find, 


| CaSE VII 
The Side B D included between the two Given Anples. 


The Segments B A of the Ba/# B D being found 

| a5 before, the Homegeneal Terms are the two Seg- 

ments of the Be/e AB and AD, and thecwo «n- 
gles B and D. Wherefore, 


B.. 'D 
As Co-tangent B 54 d. 52M, —— ——— — —-— — 10136615 
/ To Sine AB 25 deg. ————— —_—_—— _ 96.594 
; 945 Co-ravgent D 43d. 42 m. — - 9g; 
| | * 19.006233 


Thad 
| * +. op jr enes — — — — =— —_— 9469618 
Which added to A B 25 deg. giveth 42 deg, 9 m. for the whole required Side BD. 


CasE VIIL 
The Third Angle at C. 


" You muſt firſt find the Angle B CA, (by the 
IH Coſe of Right angled Spherical Triangles) which 
you Will find to be 39 deg. 42 m. Which found 
the Homogeneal Terms im the rwo Triangles will 
be the :wo Angles Band D, and the Parts or Seg- 
mes of the Angle at C. Wherefore, 


As 


CY "OT ——_ ; us of as: =o 
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” 9. 


As the Co-ſme of B 54d. 52 m. — — 9y.q0qq... 
To Sme ACB 57& 42 m. + <a ehob_ —.,,6q1 
| So Co-Sine D 43 d. 42. mh, — ——— — -— 9.839494 


FN 


J 
2 


; ro One, 19.766395 

To Sm ACD 464d, 18m. — ———— $59173 

Which added to B C A 57d. 42 m. giveth 104 deg. for the whole Angle, B C Das 
was required. | — | 


| The Two Angles B and C, and the Side included between them 
CB Zeing given, to find, os ; 


2 _——— 


CASE IX As Oppoſite Side,” viz. @'D. 


| * In the Oblique angled Spherical Triangle CBD, 
j let there be given, the Angle DC B 36d. 8 min. .,C 
| The Angle CB D 104 deg. and the Side inclu- - .” 


ded between them CB 3a deg. And let the Side 
C D, (oppolite to B) be required, 
Here the Perpendicular is let fall from the 
extremity of the knowni Side CB, and it 
\ 15 adjacent to the known Angle C BD, ( or 
rather ics Complement CBA:) And becaule the 
| Angles at the Baſe are of different Species, viz. one 
| Acute, the other Obtuſe, it therefore falleth with- 
| out the Tr1ayg'/e, and fo the Oblique angled Trian- a 
| gle is reduced into the two Retangles ABC, and oe nes | 
ACD; in which the Homogeneal Terms are the two Angles ACB and ACD, and 
the ewo Sides C B and CD. Wherefore, in the Triangle ABC, we. have gwen. the 
Side B C 3o deg. and the Angle CB A 76 deg. (it being the Complement of the Angle 
CBD 104d. to 10, ) to find the Angle BCA'; which (by the Il] Caſe of Right an- 
gled Spherical Triangles) you will find co be 16 deg. 4 m- -which added to: the given . 
| Angle BCD 36 deg- $ m. the Summ will be 52 deg. 12 mz for the whole Angle D CA. 
; Now by the Homogeneal Parts in both Triangles, ſay, {TT 11:5: 592 balank 1 | 
| As the Co-ſine of A C B 53 d. 56 m. —— ———— 9.982696 ' 
| Is to Co tangent BC bo deg. —— —— 10238560 
So is Co-ſine ACD 33 de. 48 mh, ——— —— —- 977394 
19025954 
— Tothe Co-tangent of DC 44d. 51 m. — > ——————=— 9.04325s 
Whoſe Complement 42 deg. 9 min. 15 the quantity of the inquired Side CD. 


CASE X, The Third Angle at D. 


You muſt firſt find the Angle A C B, and by 
conſequence the whole Angle A CD, as 1 the 
laſt Caſe, and then the Homogeneal Terms 1n both 
Triangles will be the Angles A CB and A CD, and 
the Angles Band D. Wherefore, 


0.557993 

As Size ACB 16d. 4m, —> — 9.442096. 
| To Co-fine B 14 deg, — —— 9.383675 
So Sine ACD 52d. 12 m. —— 9.897712 


19.251 387 - D 
To Co-fme D 43 d. 42 m. —— 9.839291 EH, 
Whoſe Complement 46 deg. 18 min. is the quantity of the inquired Angle CDB. . 


SE C T:/ XX. 


In the following Caſes the P icular falls oppolite to the Angle inquired, then the 
whole difficulty conſiſts in the firſt Operation, for the finding of the Boſes, and it isin 
manner following- | ” 

: e 


FIR 


—— 
———__ 
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The Three Sides BC, CD, and BD Being given, To find 
CasE XI. The Angle D. 


| In this Caſe the Perpendicular A falls op- 
C polite to the dog inquired,and the whole 
FE; difficulty conſiſts in the firſt Operation, 


which may be effected after this manner. 


* BY; : "M0 cn = the mw _ of _ 4 BD. 
E . ondly, The ha mm of the Sides 
IF — aca 
B D Thirdly, The half difference of the Sides _ 
| BC and CD. 
| F995 Ya | 
The Baſe BDis— 42 — 09 21 —045 
BCis— 3o . oo 


The Side K 
MEI=I4-- "04s ; The half Summ £ 
_ 27 —- 024 
Their Summ 15 54 + 04+ 
Their differ. 5$ . 553 2— 57% 
; Then will the Analogy or Proportion be, 
As the Tangent of half the Summ of the Baſe B D. 21 d. 44% m. —— —— 9.585886 


To the Tangent of half the Summ of the Sides B C and CD 275d. 24 m. — 9.707790 
So is the Tangent of half the difference of the Sides B C and CD, 2d. 57+ m. 8.71283 
| : | 18.419873 
To the Teng. of half the difference of the Segments of the Baſe AE 3d. 544 m. 8.535987 
Which half difference 3d. 54+ m- being added to the half Baſe 21 d. 4* m. gives 
25 deg. for the Greater Segment of the Baſe A B, and being ſubtracted therefrom,leaves 
19 d. 9 m. forthe lefler Segment A D. 
And now for the finding of the inquired Avgl at D. You may ſay (by the V Caſe 
of Rs angled Spherical 'T " Hor ay 


go deg —o— oem 


mms —— IO, 


To the Tangent of AD 19 de. 9 mM, — ———— — —— 9.459390 
So Co tangent of C D 65d. 56 m. — —— — ——— -—- 10.350058_ 
To the Co-ſimeof CDA 43 d 42 Mm. ———————— — 9.839448 
Whoſe Complement 46 de. 18 min. is the quantity of the Angle C D B which was 
required to be found. | | 


Another Example in this Caſe. | 


| In the Triangle B C D let the three Side 
C D B, 24d. 4m. BC 3o de. and DC, 
: 42 d. 9 m. be given, and let the Angle at 

< _ D be required. 
. The Baſe BD is 24 deg. 4 m. the half 

" 12 deg. 2 min. 
The Sides CB and CD 92d. 9 m. the 
| half 36 mh WW - 

. The Difterence of CB and C D 12 d. 
'4."A 9 m. the half 6d. 44 m. 


Ih” Then ſay, 


EFF 5 As Tangent half the Boſe BD 12 deg, 
a ps {'s F , 2 INN, m—m—m—— —— 9.3287I53_ 
angent CB and CD 36 deg; 44 mM, —————-— -— 9.6242 
90 Tangent of half differ. of C B —_ CD 6 dag. £5 Mt. once 0200909 
; 18-8894781 
To the Tangent of half the difference of the Baſes E A 9 deg. 59 m.— aborted 
Which 


for the finding of the Segments of the Baſe, 
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"" Which 19d. 59 m. being added to che half Baſe 12 deg. 2 m. giveth 32 deg. i m. 
for A E. W | | 
This for finding the Angle at D, (by the V Caſe of Right angled Spherical Trian- 
/ ay, . 
0") "3 Rudin go dog, =o 
To the Tangent of B A 32 d. I th. = nes ans A Crrnren,. 
So the Co-rangent of BC 47 deg. 51 m..—<——— rm —_— 
| To the C-[ize of B 4 d. 42 1. ——— — . X9.$39347 
en Complement 46 deg. 13 min. is the quantity of the Angle CD B which was 
required. | | 


SECT. XXI. 


If the three Angles of a Triangle be given, and 2 Side be ſought, let the Angles be 
changed into the oppoſite Sides, and contrariwiſe the Sides into Angles, taking for 
the greateſt Side and greateſt Angle their Complements to a Semicirclez by which Cov- 

verſion the Queſtion 15 lolved by the work of the two former Examples ; 

' The Demonſtration of this Converſios of oo into Sides, and Sides into Avgles, is 
ſhewed at large in the 7th of Section I. of Spherical Triangles, = 

A more compendious way of finding art A»gle by havinig the three Sides of an 06- 
hque Spherical given ; | 4, | | | 

In the Triangle Z PS, let there be given, 


Z. P— 495 de. oo tn. FE - 
The Side pz S —46 et the Angle at 
O& P—n = P be required, 
The-RULE. 


Take half the difference between the two Sides containing Angle required, which 
add to half the Side oppoſne to the inquired ; and allo ſubtract it Sy the ſame ; no- 
ting the Summ and the remainder. Then the Complements Arithmetical of the Sides 
containing Angle,and of the Simes of the forefound Summ and remainder ; being added 
together, half che Summ of them ſhall be the Sine of half the Angle required. 


- de. m. ; 
The Side ZP is 40 . ©o 4 
SPs 72 . I4 | 
Their difference 32» I4 
The half difference 16, 07 _ ; PÞ 
j "M = m. Ie de. m. 
WAS) Op ite to A, 15 —- — » "Wingate —44 the 23 — 22 
The MolF AGirence W— — _— —— ——— added 16—0y 
| Their Sum is —— —_— — 
Their Difference 1s —— — 
ROM de. m-. 
_— ——_— , _—— 30.1919325 
SP —The Sn TY OR 5 ht Foonntys 
& dUmMM— 3g —— 29 TO 9.8033572 
The Remainder 95 -— i5$ Gine— 2 1010558 


The Summ 19-1176070 
The half Summ 9.5588035 


Which is the Sine of 21 deg. 14 gt. the double whereof is 42 deg. 28 m. for the 
quantity of the Angle at P.-required. - 


Wet, 


_—_— 
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SE C T. XXIL 


If in an Oblique angled Spherical Triangle as B CD, 

if one Side BD be a Luadran, let one of the other 

Sides D C be produced to a Quadrant ; and from the 

Pole B, let be inſcribed the Arch B A, the Meaſure of the 

Angle at D, therefore ſhall the Triangle AB C be Right 

—_ : For the Reſolution whereof, the Oblique angled 

Trianole B D C is withal reſolved : For the one of them 

contle of the Complements of the other, or of the fate 

Parts. This Se&ion (among divers others neceſſary to 

: be known to ghe Trigonometer) is Jargely emonſtra- 

i A ted inthe forementioned firſt Section of Spherical Tri- 
B Ce recrnecc en n***” gonometry. | 


SE CT. XXII. 


Laſtly, It q_ from theſe things, that in every ReFangled, and alſo Oblique as 
gled Triangley'of which one anly Side is a Quadrant; there may be XVI Caſes, and 
XXX Problems + And in other Oblique angled Spherical _ XII Caſes and LX 
Problems : All truly, and very eaſily to be reſolved by what is delivered 1n this forego- 


ing Bpitomy. 


> k 8 b #1 "wy - m 
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7 Synopſis s of he XII Caſes of Oblique Angled Spherical Triangles. 


5 ———w 


| 
[| them 
= 


| | Given Req. | The » Propertionaliogs pe Cle l 
Two Angles, and a Side oppofite"to] Z | ne | — ww 
- $ one of them given; to find the Side; $ SP|{sS:5ZP:: 527 5SP. I | 
oppolite to the other. ZP | 
'y — en Eo KC . 
Two Sides, with an Angle oppoſite] Z P : | 
to one of them given ; to pale: Z S. [s SP: 5Z :: 37D: 35S. In 
gle oppolite to the other. SP 
| The third S:de _ ES > ER FA SF > - © 
Sum or rem. of ZB & ZS is SB II 
| air content is Z þ—|LRE ce SD 3: es NNEnnTE 
gle, given, to find R --e8Z 22440 :-+ZKÞ 
One of the o- i £S | $ |Sum or Remain of Z B and ES # SK. |IV 
ther Angles. s$SD:0Þ :: eZ: ak 
= W———_ C— — — _- — | ian anoifliLeemns woommmmen cou wan epomuan_ = 
| | JOE Bs =—_— bn bh # hc. a, h ' 
e um or Remain o A | 8BPS. | V 
the $3 pan rnny : 7 —/FBPZ $BPS::csZ : e858. | 
them given ; to find *CSZP::t7 : 1 ec BPZ. 
| One of the o- | P |SP eg th of BPZ and PBPS. VI 
ther Sides. c 5s BPS : cs BPZ :: e£ZP:eSP. ] 
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APPEN DIX. Containing the laſt Eight Caſes of Oblique Angled 
Spherical Triangles, Reſolved at Three Operations. 


T H E Eight Caſes beforegoing,. have been reſolved at two Operations by the General ; 
Method before delivered : But the old way hath been to reſolve them at three ; 

and then the Catholick Propoſition may be ſtill retained ; and therefore, for the ſatisfa- 

Aion of ſach as may apprehend the foregoing Compendioms way dithcult, I will reſolve 

the Eight Caſes by the old way at three Operations, 1n which I will be very brief, but 

plain withal : And the Triangle which I will make uſe of ſhall be the Triavgle Z SP. 

: Whole Sides, Angles, and Perpendiculars are as 15 expreſied in the Figure. 


B ' wi #©2"of4 whe pee SIRE 
: <5 . i 
s Fs - as. 
; P23 %. 
- 2 un” 
: Go | 
BREE 7 oo rr won 
on 2b ob RE PT ont - 2, ; | 
: Ny + ? 
7 .B | 
Y @ F 
” Q@ . 
[1 o Fa 
” A. Q< £ 
| Þ BY; 
Þ / 
v P | 
1, - 
S P | 
7 


CasE Tl Tio Sides, Z.P and SP, and their contained Angle at P, gives, 
to find the third Side Z.S. 


Here the Perpendicular 1s let fall from Z,, the end of the Side given Z P, and adja- 
cent to the Angle given P, upon the Side SP, reſolving the Oblique Triangle into two 
Right angled Triangles BP and Z BS. In the firſt of which is given (1) Z P the 
— (2) the Angle atthe Baſe P, by which you may find the Perpendicular Z B. 


To the Sine of the Hypotenuſe Z,P, 38 deg. 28 m - 
So 15 the Sine of the Angle at 16 Baſe P, 564. 26 m. 
To the Sine of the Perpendicular Z B 31 d. 13 m. 


Secondly, for the Baſe BP. 
As Radixs 90 deg. | 
Is to the Target X the Hypotemuſe 384. 28 m. ZP. 
So is the Co-Sine of the Angle at the Baſe P. 324. 34 m. 
To the Tangent of the Segment of the Baſe BP, 23d. 43 m. | 
Which ſubtracted from the whole Be/e SP 744. 50 m. there remains 51 de. 7 m. for 
the other Segwent of the Baſe'S B. | | 
Thirdly, for the Side required Z S. 
As Radius, X ; 
Is o the Co-/ine of the Perpendicular Z, B 58 de. 47 m. 
15 the Co-[ine of the Segment FB 48d. 53 m. | 
To the Co-ſme of che Side required Z:S, 57 de. 32 m. | p | 
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CasSE I. Two Sides ZS and Z Pd "their pity Angle at Z. ven, 
to find one of the other Angles, as that at P oo 


In this Caſe the Perpendicular falls from S, upon the Side P Z, cxtondey! toB, andfo 
is oppoſite to the Angle given Z,, and to the 4n nele gg P; : 4 
Firſt, for the Perpendicular S B. Wo 
As Radims, 
Is to the Sine of che Fyporemsſ ZS, 574d. 32 m. 
. So15 the Sine © the Angle at G 107, 6 m. (or 52 de. 2 S. 
To the Sineof BS53 4.32 m, vie "ny 40-BY 
Secondly, for the Baſe B boy 
As the Radins, 


Is to the Tangent of the Hypotenuſz 71S d. 22 m. 
So is the Co-/ine of BZS 17 de. 36 "I 
To the Tangent of BZ. 25 deg. 25. 
Which added to Z P, 38 deg. 28 m. the Summ will be 63 de. 53 m. for the whats 


Side BZP. 
Thirdly, for the Angle H, 
As the Radixs, 
Is to the Co-tangent of SB 36 de. 28 m. 
So 15 the Sme of BP 63 de. 53 m-: 
To the Co-rangevt of P 23 de. 34 m. whole Complement 56 de. 26 m. is the Angle at P. 


C ASE IIl. Two Angles P and Z. and the Side betivern them LP, given; 
to find the third Anple at S. 


In this Caſe, the Perpendicular may fall from Z, or P, as here from Z, apon the 


Side SP. 
Firſt, for the Perpendicular BZ. 4 | ov.) 
As Radits, TICS \ 4 S!: 
Is to the Sine of ZP, 38 de. 28 m. 5 <1 
So is the Sine of the Angle at P, 564d. 26 m. 
To the Sine of the Z B, 21 d 13m. | 
Secondly, for the Angles at the Perpondculr 'Z ” B;* WP BZ p: 
As the Radius, 


. fy * » 
- 


Is to the Tangent of P, 56d. 26 m- 


So 15 the Co-ſine of ZP, FI de. 32 m. 
To the Co-raugent of BZ P 40 de. 19 m. 
This 40 deg. 17 min. ſubtracted from 109 deg, 36 min. leaves 67 7g 19 m. fo the 


Angle BZLS. 
Thirdly, for the Angle at S. TERS: @ is ant 
As Radins, "% $5 tv - 


; To the Sme of BZ,S 67 de. 19 m. 


So is the Co-fine of BL 53 deg. 47 m. Lis ©? &+Þ + ax. : 
To the Co./ine of S, 37 de. 55 m- bi Dor)” TEND ) awe, oth 


Cas E IV. Two Angles, Þ and Z, -and. the Side betmers thew Ze being 
given, to find one of the other Sides, as ZS. | 


Let the Perpendicular fall from Z, upon the Side S P, fof ſo'it falls front the end 
of the given Side H Z, and oppoſite to its adjacent Angle Sien 'P; and alſo oppolite 
to the Side required Z'S, then | 

Firſt, for the Perpendicular ZB. þ 0 

As the Radizs, £ | 7 W 
Is to the Sine of the Hypetenuſe Z ÞP, 38 de. 28m, 1, 4p | 

So is the Sine of the = at the Bale P, 464. Se 3 4; 2 W- 
To the Sine of the Perpendicular LB, 31d 13m Des: 

- Secondly, forthe Angle BZP.. 


As Radins, 
To the Tangent of the Angle at P, 564. a m- 
So 1s the Co-/ine of ZP, 5rd. 32 m. "97 
To the Co-rangemt of BZ P, 40d. 197 m. » TC 
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Which, .49 de. 19,m, ſubtracted from SZP 107 d. 36. m. the Remainder is 6+ 4. 
16 0 re Ae $2; K67 
- © "Thirdly,forche Side Z'S. 
\Asthe Bede... | 
Is to the Co-rangent of ZR; 584. 47 m- 
"So is the Co-/me of BZS 22d. 41 ie. : 
T - the — of ZS 32 deg. 28 min. whoſe Complement is 57 de. 32 m. for the 
Side Z | | 

Cas Et V. Two Sides, SZ and SP, with the Angle SZ P, oppoſite to one of 
" them SP, being given, ta find the third Side Z P. 


- The Perpendicular is in this Caſe, let fall from S, upon the Side Z,P extended to B; 
Firſt, for the Perpendicu/sr S'B. | hs 
As Radius, 
Is to the Simeof ZS, 57 de. 32 m. | | 
: $o is the She: of BAS, 72 de. 24 m. the Complement of the given Angle S 7, Þ 
107 de. 36 m. to 180 deg. | | 
To the Sine of the Perpendicular SB 53 d. 32 m. 
Secondly, for the Baſe B Z. 


v 


. As Radings, 
To the Tangent of SZ, 57 d. 32 m. | > 
. So isthe Coſte of SZB 154. 36m. 
To __ bagey EIS H = " M. 
Fo ths 7 angent of R-£, 25 0, 25 1. 
Thirdly, for the inquired Side Z P. 
—_—_ of DB 36d. 28m. F 


gi) G. 

ſme of SP 15 d. 10 min. | 

| To the Co-fine of the Side BZ P 26 & + m. whoſe Complement by.0e 53m: 15s the 
whole Side BZ P, from which B Z 25d. 25 m- being ſubtracted, chere remains 38 d. 
28 m. for the inquired Side, Z P. 


Cast VI. Two Sides Z.S, and ZP, with the Angle ar P, oppofite to the 


Side. Z Ser gies, to fiuditheir contained Angle at Z, 


X Te fall the 4 prong from Z., upon the Side SP. Then, 
Firſt, for the Perpendicular 2B, © | 
As the Radius, , : 
ls.to the Siweof che; Sde ZeP, 38. Je, 28 m- 
So 15 the Sine of the Angle at Þ, 56 de. 28 m. 
To the Sine of Z B, 31 de. 13m. - _ 
| Secondly, tor the Angle BZ P, 
As Radius, , 
Is to the Tangent of the Angle at P, 56 de. 26 m. 
So is the Sie Complement of the Side ZP, 51 de. 32 m. 


To the Co-rangemt of BZ, P 49 de. 43 m. whoſe Complement is 40 de. 7 m. for BZ P. 
4 v! by <1 IT Bk 5, "f6rehd inquired" Angle at'Z. ? 
As Radins, N ©» F 
To Of 3F, 4& 13 


,2.P, 15 de, IOm. 

$,"22'de. 41 m. whoſe Complement 67 deg, I9 m. is the Angle © 

SZB, which added to 4o de. 17 m. the Sngle BZ P before found, the Sun will be 

$07 de. 36 m. for the whole Angy ſoughtS Z P. ; 

CASzm VII. Two Angles, SZ P, and ZPS, with the Side SZ oppoſite to 
' P, gruen, to find the third Angle at S. 


Ler'the Perpendicular fall from S, upon the Line. Z-P extended to B. Then, 
A Firſt, for the Perpendicular $S B © 

As Radius, | ; 
To the Sme of Z.S, 57 de. 32 m. Eo 

Sor 15 the Sme of 'Z,, 107 de. 36 m, (or 72 dy. 24 mm.) 


T9 .thoSme of SB, 53d 32m. , - , ; Secondly, 


Pg 


Face Of TRIGO.NOMETRY. _ 
7 (BE Secondly, for the Angle BS Z, * _ _ 
As Radius, 
To the Tangent of the Angle at Z,, 52 d. 24 m. 
So is the Co-ſine of STZ,, 32 de. 258 m.. . 


To the Co-rangent of BSZ, 30d. 35 m-. 
Thirdly, for the inquired Angle at S. 
As Radins, 
To the Co-/me of SB, 369. 28 m. 
So is the Co-ſme of the Angle at P, 33 d. 34 m: 
To the Sine of BSP 68d. 29 m- 


From which 68 d. 29 m. fubcrrat BSZ, 3o de. 35 m. and the Remainder will be 
27 de. 54 m. for the inquired Angle BSZ. | 


CASE VIII, Two Angles ZPS and SZP, and the Side S Z oppoſite to 
the Angle P, being given, to find the Side between them 7Z.P. 


In this Caſe the Perpendicular muſt fall from $, upon the Side Z P extended to A 


Then, | 
Firſt, for the Perpendicular SB. 
As Radins, | 
Is to the Sine of the Hypotenuſe Z, S, 55d. 32 m. | 
So is the Sime of the Angle B Z, P, 72 de. 24 m. (the Comp. of the Obtuſe Anple 
SZ P, to a Semicarcle. ) | | ; | 
To the Sine of the Perpendicular SB, 534. 32 m. 
Secondly, For the Baſe BZ, 
AS T—_ a , 
Is to the Tangent of the Hypotenuſe STZ,, 57 de. 32 m. 
So is the Co-/ime of B Z "ag jo 26 - , 
To the Tangent of the Baſe BZ, 25 de. 25 m. 
Thirdly, for the whole Side B Z P; 

As the Radius, 3 
Is to the Tangent of the Perpendicular B S, 53 d. 32 m. 

So is the Co-rtangent of ZPS, 33 de. 34 m. 

To the Sine of BÞ, 63 de. 53 m. CT WE TE 

From which 63 de. 53 m. ſubtra& the Segment of the Side BZ 25 de. 25 m. the 
Remainder will be 3$ de. 28 m. for the inquired Side ZP. 

Thus have you the 3, 4, 5, 6, 7,3, 9, and 10th Caſes of Oblique angled Spherical Trien- 
gles Reſolved at three Operations, which to ſome may give berter ſatisfaction, it being 
more natural, and not ſo burthenſome to the Memory ; 'for that the Carholick Prope- 
ſition does the whole Work. 


The End of the Faſt Pars. 
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The Doctrine of Plain and Spherical 'Triangles, Geometrically perfor- 
med, by Scale and Compaſs. 


OF the Dodrine of the Dimenſion of Plain and Spherical Triangles, we have owey 
largely treated, and how the ſame 1s co be performed by the Log aritbms, 

Canons of Hoo and Tangents, I ſhall now (in this little Tratate) ſhew how the ſame 
may be performed by the Scales upon the Ruler before deſcribed. Book IIL Part IL 
hereof. Uuu 3 CHAP. 
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CHAP. I. 
Of Plain, or Right Lined Triangles. 


PN the reſolving of Rigbt- Lined Plain Triangles, if they be Righr-angled, I call the 
4 Side oppolite to the Right Angle the Hypotenuſe ; and of the other Sides, compre- 
hending & Right Angle, I call the longer of them the Baſe, and the ſhorter the 
Peryendiculari But in the Solution of Oblique angled plain Triangles, I call the longeſt 
Side of the Triangle the Baſe ; and the other two the two Sides, without any ocher 
diſtin&ion of Denomination or Name. Theſe things being premiſed, I come now 
to the Solution of plein Triangles, both right and Oblique-angled, And, 


I. Of Right Angled Plain Triangles. 


The Triangle which T ſhall make uſe of in the ſeveral Caſes belonging to a Right 
angled plain Triangle ſhall be this following, CAB, in which 


| | parts. 
A B, the Baſe, | : 180 
' CA, the Perpendiculer, contains <135 
C B, the Hypotennſe, > 
And min. 


| A, the Right Angle, | 90—00 

C, the Angle at the Per. > contains 453 —97 
B, the Angle at the Rafe, 36 — 53 

CA$SE I. The Baſe BA 180, and the. Perpendicular CA 135 , being 
given, to find the Angles B and C. 


Draw a Line A B, and from your Scale of equal parts take 180, and ſet them from 
AtoB; then on the Point A raiſe the Perpendicular A C, and becaulc ic contains 135, 
eake 135 parts from your Scale of equal parts, and ſet them from Ato C; then draw 
the Lize CR; which three Lines will conſticute the Triangle CAB. 

Now to find the Angles C and B, take in your Compaſſes 60 degrees of your Line 
of Chords, and ſetting one foot in C, deſcribe the Arch f g; allo ferring one on in B, 
deſcribe the 4rch 4 e: then take in your Compaſles the diſtance from f to g, which 
mealurgd upon your Line of Chords, will reach from the beginning thereof to 53 deg, 
7 min. andfuch is the quantity of the Angle at C. In like manner take the Shang 
between d and e in your Compaſſes, that diſtance applied to your Line of Chords, will 
reach to 36 deg. 53 min. — Qr, whey you bed found the quantity of the Angle C robe 

2 deg. 7 min. if you had ſubtva#ed jhas from 1989 degrees, the remainder would have 
een 36 deg: 53 min. the quantity of the Angle at B, without drawing of the Arch d e, and 


meaſuring it upon your Chord. 


CasE Il. Zbe Hypotenuſe CB 225, and the Bale AB 180, being given, 
to find the Angles B aud C. 


' Draw a Right Live AB containing 1$o parts of your Scale of equal parts, alſo out 
of the ſame: Scale of equal parts take 225, your Hypotenuſe, and ſetting one toot of 
your Compaſſes in B, with | other deſcribe the obſcure Arch b k ; then on the Point 
A raiſe the Perpendicular AC, which will out the obſcure Arch bkinC; then draw 
the Eine CB, fo have you the Triangle CAB; then may you meaſure the quantity of 
the Angles at C and Bas in the i Caſe. And fo will C be 53 deg. 7 min. and B 
36 deg. 54 min. TE 


CASE II. The Baſe AB 180, the Angle C 53 deg. 7 min. and the Angle 
B 36 deg. 53 mir. being given, to find the Perpendicular C A. 


Draw a Right Line A B containing 180 parts of your Scale, for the Baſe of your 


Triangle ; then taking 60 degrees from your Line of Chords, on the Point B __— 
the 
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the 4rch de, and (becauſe the Angle at B contains 36 deg. 53 min.) take 35 degrees 
53 nun. from your Chord, and fer it from 4 to e, and from B, through the Point e, 
draw the Line BC. Allo upon the Point A ere the Perpendicular A C, croflin 
the Line BC in C. S© have you formed the Triangle CAB. Laſtly, take the "ans 
of the Line A C in your Compaſſes, and meaſuring it upon, your Line of, equal parts, 
you ſhall find it to contain 135. And that 1s the length of the Perpendicular C A; 


CasE IV. The Hypotenuſe CB 225, the Angle C 53 deg. 7 min. and 
the Angle at B 36 deg. 53 min. given, to find the Bale BA, and the Per. 


pendicular CEA 


Draw a Right Line CB containing 225 of your Line of equal parts; then taking 
60 degrees, our of your Line of Chords, ſer one foot of the Compaſſes in B, and with 
the other deſcribe the Arch ed; alſo (the Compaſles continuing art the ſame diſtance) 
place one foot in C, and wich the other deſcribe the Arch g f. Then from the Poine 
B, and through the Point 4, draw a Right Line; alſo from the Pointe C, and through: 
the Point f, draw another Right Lime; theſe two Lines will interſe or croſs each other 
in the Point A, forming the Triangle C A B. Laſtly, take the Line A Bin your Com- 
patſes, and applying it to your Scaie of equal parts, you ſhall find it co contain 180 ; 
and that is the length of the Baſe AB. Likewiſe A C being taken in the Compaſſes, 
and meaſured upon the Line of equal parts, will be found to contain 135, which is the. 
length of the Perpendicular C A. | | 


CasEt V. The Hyporenuſe CB 225, avd the Baſe AB 180, being giveny 
| to find the Perpendicular C A. | 


Draw-a Rigbt Line A B, containingf18o of your Scale of equal parts, and upon the 
end A ere a Perpendicular A C. Then take out of your Scale of equal parts 225, 
(the length of your Hypotenuſe given, ) and letting one foot of the Compaſſes in B, 
with the other deſcribe the Arch b k, cutting the Perpendicular A. C in C, then draw 
the Line CB; ſo have you conſtituted the Triangle C AB. Laſtly, take in your Com- 

aſſes the length of che Line A C, and apply it co your Line of equal parts, where you 
hall find that it will concain 135; and that is the length of the Perpendicalar C A. 


CasE VI. The Baſe AB 180, the Angle C 53 deg. 7 min. and the Angle 
B 36 deg. 53 min, being given, to find the Hypotenuſe CB. - 


| Draw a Right Line A B, containing 180 parts of your Scale, for the Beſe of your 
Triangle, and on the end A erect a Perpendicular A C. Then take 60 deg. out of your 
Line of Chords, and upon the Point B, with that diſtance, deſcribe the Arch d e ; and 
(becauſe the Angle at B 1s 36 deg. 53 min. ) take 36 deg. 53 min. from your Line of 
Chords, and ſet it upon the Arch from 4 toe. Then from B, through the Poinc e, 
draw a Right Line, tll it meet with the Perpendicular before drawn, which it will do 
in the Point C. And thus have you protracted your Triangle CAB. Laſtly, take 
in your Compaſles the length of the Hypotenuſe C B, and meaſure it upon your Scale 
of equal parts, and you ſhall find it to contain 225. 


CasSE VII. The Baſe AB 180, and the Perpendicular CA 135, being 
given, to find the Hypotenuſe CA. 


Draw a Right Line A B, containing 180 equal parts, and upon the end A ered the _ 
Perpendicular A C, and out of your Scale of equal parts take the length thereof 135, 
which ſet from Ato C, and draw the Line C B, which conſtitutes the Triangle C A B. 
Laſtly, take the length of the Hyporenuſe CB in your Compaſſes, and meaſuring icnp- 
on your Line of equal parts, you ſhall find it to contain 225. 


Theſe are the ſeveral Varieties or Caſes that can at any time fall out in the Solution of 
Right angled Plain Triangles, wherefore we will now proceed to the Solution of Oblique 
Plain Triangles. 
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IT. Of Oblique Angled Plain Triangles. 


HE Triangle which I ſhall make uſe of in the Solution of the ſeveral Caſes apper- 
1 _ to an Oblique angled plam Triangle, ſhall be this following, C DB, in 
w 


parts 


D B, the Boſe, - £935 
CB, the longer Side, contains $7 
DC, = ſhorter Side, _ 

An eg. m. 
CG, the Obtuſe Angle, Il122=90 
B > the 2 Acute Angles, GORE cs 


C ASE I. Two Sides, as the Baſe DB 335, and the Side CB 271 , and 
the Angle D 43 deg. 20 min. oppofite to CB, to find the Angle at C, oppo. 
fite to the Baſe DB. | 


Draw a Right Line D B repreſenting the Baſe of your Triangle, which, by help of 
your Scale of equal parts, make to contain 335. Then upon the Point D, with the 
diſtance of 60 degrees of your Line of Chords, deſcribe the Arch & 1, and from your 
Chords take 43 deg. 20 min. the quantity of the Angle at D, and ſet it upon the Arch- 
line from Ito &, drawing the Live CD. And becauſe your other given Side B C con- 
tains 271 parts, take 291 out of your Line of equal parts, and ſetting one foot in B, 
with the other deſcribe the Arch m n, crofling the former Arch & ] in the Point C ; then 
draw the Line CB. So ſhall you have conſtituted the Triangle C DB. Laſtly, be- 
cauſe it 1s the Angle at C that is required, take 60 degrees of your Chords, and upon C 
deſcribe the Arch g b, and taking the diſtance between g and 5b, apply it to your Line 
of Chords, and you ſhall find it to reach from the beginning thereof beyond the end 
of the Line; wherefore take e2 degrees the whole Line, and ſet that diſtance from g 
too; then take the remainder of the Arch o b, and meaſare that upon your Chord, 
and you ſhall find it to contain 32 degrees, which added co 9o deg. make 122 degrees, 
and that is the quantity of the Angle at C, which was required. 


CasSE I. The Baſe DB 335, and the Side D C 100, with the Angle 
D, 43 deg. 20 min. contained between them, to find either of the ether 
Angles at B and C. | 


Draw a Ripht Line, as DB, contaitting 335 of your Scale of equal parts, which 
ſhall be the Boſe of your Triangle. Then with 60 degrees of your Line of Chords, up- 
on the Point D deſcribe the Arch & I; and becauſe the given Angle at D contains 
43 deg. 20 min. take 43 deg. 20 min. from your Line of Chords, and (et it from / to 
&, drawing the Live D &. Again, becauſe the given Side D C contains 100, ſer 100 
of your Lme of equal parts from D to C; then drawing a Right Lime from C to B, 
you ſhall by that means find the Oblique angled Triangle C DB. Laſtly, bang the 
other two Angles at Band C are to be found, with 60 degrees of your Chord on the 
Point B deſcnbe the Arch e f;, alſo upon the Point C deſcribe the Archg © hb, Then 
if you take the diſtance between e and f in your Compaſles, and mealure it upon 
your Line of Chords, you ſhall find it to contain 14 deg. 49 min. And that is the 
quantity of the Ample at B. Then being the Angle at C, which 1s alfo required, 15 
Obtuſe, and contains above go deg. take 9o deg. out of your Line of Chords, and ſet 
that diſtance upon the Arch g b, from g to 9: and taking the other part of the Arch o 
6 in your Compallzs, meaſure that upon your Chord, and you ſhall find it to contam 
J2 _—_— added to go deg. makes in all 122 deg. And ſuch is the quantity of 
the other inquired Angle act C. 


| = 
CAasSe II. The three Sides, DB 335, CB 271, and D C 100, being 
4 given, to find any of the Angles, 4s B. | 


Draw a Right Line C D, containing 109 of your Lize of equal parts. Then the 


other Side of the Triangle being 291, take 271 out of your Scale of equal bw and 
etting 
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ſetting one foot of the Compaſſes in C, with the other deſcribe the Arch r s. Allo 
take the length of your Baſe 335 out of your Line of equal parts, and ſetting one foot 
of the Compaſſes in D, with the other deſcribe the Arch p q, crofling the former 
Arch r s in the Point B. Then draw the Lines CB and DB, and they ſhail form 


your Triangle C DB. Laſtly, becauſe the Angle at B is ſought, rake 60 degrees of 


your Line of Chords, and ſetting one foot of the Compaſſes 1n B, with the other de- 
(cribe the Arch e f. Then take the diſtance berween e and f, and meaſure it upon 
the Line of Chords, and you ſhall find it to contain 14 deg. 495 min. which is the quan- 
rity of the Angleat B. Andin the ſame manner might any of the other Angles ar C 
or D have been found. 


CASE IV. The three Angles, C 122 deg. D 43 deg. 20 min. andB 14 d. 
40 min. being given, to find any of the Sides, as B C. 


In this Caſe, where the three Angles are given, and none of the Sides, you are to 
take notice, that the Sides cannot be abſolutely found themſelves, but the Proportio- 
nality of them. Wherefore, 

Draw a Line, as D B, of any length, and taking 60 degrees of your Line of Chords, 
ſer one foot of the Compaſſes upon D, and with the other deſcribe the Arch Ik; allo 
ſet one foot in B, and with the other deſcribe the Arche f Then, becauſe the 4n- 


gle at D contains 43 deg. 20 min. take 43 deg. 20 min. from your Line of Chords, 


and ſer them from / to &. Allo the Angle at B being 14 deg. 40 min. take them like- 
wiſe from your Line of Chords, and ſet them from e to f. This done, draw the Lines 
Bf and D &, extending them till they mer one with another, which they will do in 
the Point C. So have you conſtituted the Triangle C D B, the Sides whereof will be 
in proportion the one to the other as the Sides of this Triangle are. 


CASE V. The two Sides DC 100, and CB 271, with the Angle at C 
122 degrees, being given, to find the Baſe DB. 


Draw a Right Line, as C B, containing 271 of your Line of equal parts, and on 
the Point C, with 60 degrees of your Line of Chords, deſcribe the Arch g o 6. Then, 
becauſe the given Angle C contains 122 deg. it being 32 deg. above go deg. firſt take 
go degrees from off your Line of Chords, and ſer it upon the Arch from g too; and 
then take 32 degrees from your Chord allo, and ſer them upon the ſame Arch from o 
to b, and draw the Line Ch ; then take 109, the length of the other given Side, 
and ſet it from C to D, and draw the Lize DB, which will contain 335 of your 
Scale of equal parts. And that is the length of the Baſe D B, which was required. 


THE 
Solution of Seas RICAL TRIANGLES by Projettion. 


YN the Reſolving of Spherical Triangles by the Canons of Sine: and Tangents, as is 
I before taught, in the Fuſt Part, there are 28 Caſes, viz. Sixtees for the reſolving 
of Right Angled; and Twelve tor Oblique Angled: All which (by this Proye&ive 
way) will be reduced to Eleven ; for the 16 Caſes of Right Angled, will be compre- 
hended in Five; and the 12 of Oblique Angled in Six. | 
This way of reſolving Spherical Triangles by Projeion, will give great light to 
the Calculation of Spherical Triangles by the Canons of Sines and Tangents, or other In 
fruments for that purpoſe. For here you ſhall lay down the Triengle that your Lue- 
ſtion 15 to be ed by, very exactly; and ſhall allo meaſure the Sides and Angles 
thereof upon the Schewe of your Projetion, as ealie as1f they were Streight Lines, by 
help of the Scales of Chords, Sines, Tangents, Secams, and Half Tangems upon the Ruler 
(or Sefor rather) before deſcribed. 1 ſhall give you Exemples 1n all the Caſes both of 
Right and Oblique Triangles : And here you are to note, that divers Arches of Great 
Circles, promiſcuouſly drawn within one Primitive Circle of a Sphere, being either in a 
Right or Oblique Poſition, do by their Interſe&ions one with another, conſtitute ſeveral 
k) x. wht Triangles ; fome Right angled, ſome Luadrantal, and others Oblique angled: 
All which Circles have their reſpeRive Centres and Poles; which two things mult be 
firſt found, before the Great Circles (which conſtitute the Triangle that concerns your 


Deſtion) can be deſcribed ; or the Sides or Angles of it meaſured : And therefore I ſhall 
ſhew, IT. How 
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I. How within @ Primitive Circle given, to deſcribe the Arch of another Great Circle, 
which ſhall make an Angle with the Prinutive Curcls equal ro any number of Degrees 
and Minutes given. | 


Let the Primitive Circle ZHNO repreſent the Meridian, and H O the Horizon of 
any Place, (ſuppoſe in the Latitude of 65 deg. 40 min. ) in which Latitude I have 
iven, | | 

; 1. The Latitude 65 deg. 45 min. 

2. The Hour from Midnight, or trom the North part of the Meridien 47 deg. 29 m. 
or 3 hours 10 min. 58 

And let the Sun's Amplitude at his Riſing and Setting be required. 

The Primitive Circle being drawn, it will rep-eſenc the /4eridian of the Place, and 
Solfuial Colure ; and croſſed at Right Angles with the Diameters ZN and H O; Z will 


. repreſent the Zenith of the Place, N the Nadir, H O the Horizon, H the South, and 


O the North part thereof; and foralmuch as the Latitude is 65 deg. 40 m. take it out 
of the Scale of Chords, and fer it from O co P, from I1 to S, from Zio A, and from 
N to £, and draw the Line PS for the Ax# of the World, P repreſenting the North, 
and S the South Pole, and the Line A. £ the Equine@ial Circle; and Z D N the Equi- 
nottial Colure, the Prime Vertical Circle, or Azimuth of Eaſt and Weſt. 

Then the Hour from Midnight, being 47 deg. 29 min. take 42 deg. 31 min. (the 
Complement thereof, ) out of the Scale of Half Tangents, and fer them from Dro M; 
ſo have you three Points, P M and S, through which the Hour Circle of 3 hours 10 m. 
or, 47 d. 29 m. from the North part of the Meridian mult paſs. | 


IL To find the Centre of any Great Circle, ſo deſcribed. 


The Hour Circle to be deſcribed P M S being 47 de. 29 min. from the Meridian, 
take 47 de. 29 m. out of the Scale of Secants, and fer them upon the Equinottal Circle 
(extended if need be) from M to A, and ic will fall near unto A, lo Fall A be the 
Centre of the Hour Circle P M S. Or, the Tangent of 47 de. 29 m. fer from D 
will reach, upon the Equine#:al to A, the Cenre as before. 

| Note, That the Centres of all hour Circles will fall in the Equino@ial Circle, (exten- 


- ded if need be. | 


HI. To find the Pole 2f any Great Circle deſcribed within a Primitive Circle. 


As the Centres of all Hour Circles are in the EquinoFial Circle, (extended if need re- 
quire,) ſo the Poles of them allo are in the ſame Circle ; but as the Centres fall ſome- 
times within, and ſometimes without the Primitive Circle, the Poles always fall with- 
in ; and the Pole of every Great Circle is go deg. or a Q«4drant of a Circle, diſtant 
from the- Circle it ſelf ; and may be thus found, 

Example. Let it be required to find the Pole of the Hour Circle P MS. 

Lay a Rsler trom Pro M, and it will cut the Primitive Circle 1n e, take go deg, of 
the Chords, and ſet them from e to 4, fo a Raler laid from ÞP to 2, will cut the Equz- 
neftial Circle in F; fo ſhall F be the Pole of the Hour Circle P M S. —— Or the Half 
Tangent of 42 de. 31 m. ſet from D upon the Equine#ial Circle, will reach to F the Pole 
of the Hour Circle PMS alſo. And here, 

Nete 1. That the Primitive Circle it ſelf is a Great Circle, and the Pole thereof is O 
the Centre. 

Note 2. That the Streight Lines ZN, PS, HO and AX. & are Great Circles of the 
ſame Sphere, and the Poles of them (being 9o de. diſtant from the Circles themſelves) 
are always in the Periphery of the Primitive Circle, in that Point, where a Line drawn 
from the Certre, at Right Angles to the Streight Line reprefenting the Great Circle; As, 


Z. N; The Prime Vertical Circle, are H and O, the Sourb and North 
Points of the Horizow. | 
The Poles of JÞ S, The Axis of the World, are X and &, the South and North 
the Circle Points of the Equinottial. | 
| AX. 4, The Equinotial Circle, are P andS, the North and South 


I Poles. 


By the Interſe&ions of theſe three Great Circles, viz. Z H N O the Meridian; PMS 
an Hour Circle, and H DO the Horizon,there 1s conſtituted the Spherical Triangle POR, 
Right angled at O ; which Triangle being thus conſtituted, the next thing to be done, 
15 to ſhew how, | 


IV. To 
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IV. To mea/ure the Sides and Angles of a Spherical Triangle, Projefted 219nbin a 
Primiceve Cucle. 


EF; For the Sides. 


[et it be requured to meaſure the Sides of the Spherical Triangle P O R. | 

1. For the Side P O : — Take 1n your Gompalles the diſtance from Oto' P, which 
diſtance meaſured upon the Scale of Chords you ſhall find to contain 65 de. 40 m. and 
that is the quantity of the Side P ©. | 

2. For the SideR O: —— R Q upon the Horizos is the Meaſure of that Side of 
which D R is the Complement; wherefore DR taken in yaurGompaſtes, and applyed 
to the Scale of Half Tangents, will reach to 45 dep. 11 min. whoſe Complement, 4.4. d. 
49 min. is the quantity of the Side R O. - _ - | | 

3- For the Side PR: — the Side PR 1s meaſured upon the Primitive Circle, by 
laying a Ruler to the Pole thereof at F, and the extreme Points of the Side » fo a R«- 
ler laid to F, (the Pole of the Hour Circle PRS) to P, it will cuc the Primitive Circle 
in P; and laid from FtoR, it willcut the ſame Circle in f; the diſtance Þ f meaſu- 
red upon the Scale of Chords, will be found to be 93 degrees, which is the quantity of 
the Side P R. And here, 

Note 1. That all Arches of the Primitive Circle, are meaſured by the Scale of Chords. 

Note 2. Thar all Circles repreſented by Streight Lines in che Projettien, are meaſured 
by the Scale of Half T angents. | | 

Note 3. Thatall Oblique Arches, as Hour Circhs, Atinmurb Circles, ec. are meaſured 
from their Poles to the Primitive Circle, and the diſtance from their extreme ends mca- 
ſured upon the Scale of Chords will give their Quantities, 

Note 4. That the Centres of all Great Circles are found by ſetting the Tangents of 
their Quantities from the Centre of the Primitive Circle ; or the Secants of their Quanti- 
ties From the Circles themſelves, upon that Srreight Line which cutteth the Great Cir- 
cular Arch at Right Angles. | | 

Thus having ſhewed how a Spherical Triangle is Projeted, and how the Sides and 
Angles thereof are meaſured ; it reſtech now to ſhew how the Five ſeveral Coſes, and 
the variety of Rueſt ions that will ariſe out of every Spherical Triangle, are to be re- 


ſolved. 
Therefore in the Right angled Spherical Triangle POR. 


PO is the Latitude of the Place. 
The Side m O is the Sun's Amplitude from the North. 


PR ts the Sww's diſtance from the Pole , or the Complement of his 
Declmation. | 
RPO is the Howr from Midnight, or from the North part of the Me- 
ridian. 
The 4g*Yp k Ois the Angle of the Sun's Poſition at the time of the £ueſtion. 
POR is the Right Angle. | 
The Parts ef the Triangle being declared, aud of what Circles of the Sphere the Sides 
do conſiſt; I will now come to the Caſes, which are 5 in every Right angled Triangle. So 
that any two parts of the Triangle (beſides the Right Angle) being given, I wi ſhew in 
every of the 5 Cales what parts may be found. 


In a Right Angled Spherical Triangle. 


CasE TI, The BaſcRO and Perpendicular P O Bbeiag given, to find the 
other parts of the Triangle. 


In the Triangle PR O here is given ÞP O, the Latitude, 65 de. 4o min. and R O, 
the a | the North part of the Meridian; 47 deg. 49 min. by which you 
may find, 

, 1. PR, the Complement of the Sun's Declmation, 73 dey. 

3- <2. RPO, the How from Midmpht, 45 deg. 29 m. 

3- PRO, the Axg/e of the Surx's Poſuion, 72 de. 20 m. 
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CASE IT. 7he Hypotenuſe PR and Perpendicular PO Zeing givey, 7 
find the other parts. 


In the Triangle PR O here is given PO, the Latitude, and P R, the Complement of 
the Sun's Declination ; by which may be found, 
C1. RO, the Amplitude from the North, 44d. 49 m. 
+ Iz, OPR, the Hour from Midnight, 47 d. 29 m. 
| 3. PRO, the Angle of the Sun's Poſition, 72 d. 20 min. 
G And if inſtead of the Perpendicular there had been given the 
"XC Baſe R O, you might then find, 
: 4. PO, the Latitude. 
5. RPO, the Hoxr from Midnight. 
i6. PR O, the Angle of the Sun's Poſition. 


CasSE Il. 7he Hypotenuſe PR and one Angle PRO, or RPO being 
given, to find the other Parts. 


Here 1s given in the Triangle P R O, the Complement of the Sun's Declination, Þ R 
and R P O, the Howr from Midnight ; by which may be found, 
(1. RO, the Amplitude from the North. 
2. PO, the Latitude. 
| 3. PRO, the Angle, of the Sun's Poſition: ", 
6.8 And if in lieu of the Angle at Þ, the Angle at R had been 
' taken, then you might have found, 
4- RO, the Amplitzde from the North. 
'5. PO, the Latitude. 
L6. RPO, the Hour from Midnight. 


CASE IV. The Perpendicular P O, or Baſe RO, and either of the Angles 
RPOor PRO, given, to find the other Parts. 


In the Triangle PR O let there be given the Amplizude, R O, and the Angle of the 
Sun's Poſition, PRO ; by which you may find, | 
ſr. PO, the Latirude. 
2. RPO, the Hour from Midnight. - 
1 3- PR, the diſtance of the Swn from the Pole. ; 
|” - But if the Side given had been R O, and the Angle given RPO, 
then you might have found, 
*4 PR, the Complement of the Swn's Declination. 
5. PO, the Latitude. | 
6. PRO the Angle of the Swn's Poſition. : 
Bur again, T R O and RPO had been given, then might 
$20 be found, 
| 7. RP, the Complement of the Sun's Declination. 
8. R O, the Ampluude from the North. 
IK PRO, the Angle of the Sun's Poſition. : 
And again, it PO and ORP had been given, we might then 
have alſo found, . . | 
10. R P, the diſtance of the Sw» from the Pole. 
111. RO, the eAmpliude from the North. 
12. RPO, the Howr from Midnight. 


CasSE V. The Angles PRO, OPR, ing given, to find the other Parts, 


If the two Angles PRO and O PR be given; there may be found, 
| J; PO, the Latitude. 
K 


' 


l 


2. RO, the Amplitude from the North. 
3- PR, the Complement of the Sun's Declination. | 


Thus you ſee, that in this one Right angled Spherical Triangle, by the ſeveral Parts 
given in theſe Five Caſes, there are 30 Spherical Problems reſolved; and fo many are re- 
ſolvable in every Right angled Spherical Triangle- 
| And 
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' 60 deg. the Complement whereof 3o deg. 1s the Meaſure of 


Part II. of TRIGONOMET&RS pi 


And thus have I done with a Right angled Spherical Triangle, T ſhall now uſe the 
ſame method 1n the Proje&ing and meaſuring of the Sides and 4wples of an Oblique an- 
gled Spherical Triangle; and the variety of Cogn relolvable thereby. * - © 

Suppoſe therefore, in the ſame Laritude of 65 deg. 40 min. there were given, 

1. The Latitude 65 de. 40 m. or its Complement 24 deg, 20 min. 

2. The Hour from Noon 20 de. or 2 hours. ELLE bes. | | | 

3- The Sun's Azimuth from the Sowth 37 de. 3 min. and let the Sun's Altitude be 
required. 


1. How to project the Triangle, "and to find the Poles and Centres of the ſeveral Circles. 


1. The Latitude given being 65 deg. 40 m. which ſer from O to P, the Complement 
thereof is P Z 24 deg. 20 min. * 

2. The Hour from Noon being 3o de. or 2 hours, take 60 de. (the Complement there- 
of) out of the Half Tangent Scale, and ſet them'upon_ the Equinoial Circle from D to 
L ; fo have you three Points P L and S, whereby to deſcribe the Howr Circle of 39 de. 
from the Meridian, (which 1s the Hour Circle of 10 or 2 of the Clock,) and to find 
the Centre thereof, take the Tangent of 30 de. and ſet it (upon the Equinettial Circle) 
from D;..or the Secant of 39 de., and ſer it from L, either of which will reach to B, 


* the Centre of the Huur Circle PLS: — Alfo, take the Half Tangent of 3o deg. and 


= , mw the Equmotial Circle from D to E, ſo ſhall E be the Pole of the Howr Cir- 
C . : : 

3- The Sun's Azimuth from the South being 35 de. 3 min. take the Complement there- 
of M8 deg- 57 m. out of the Half Tangent Scale, and ſet them upon the Horizontal Cir- 
cle from D to M, fo have you three Points Z,, M, and N, hires to deſcribe the Ver- 
ztical (or Azimuth) Circle ZMN: And to find the Centre thereof , take 37 deg: 
3 m. from the Tangent Scale, and fet them from D, or the Secant of 37 deg. 3 m. and 
ſet them from M (upon the Horizontal Circle,) exher of which will terminate in G, 
which is the Centre on ha Vertical (or Azimuth ) Circle Z, MN. And to find the 
Pole thereof, take the Half Tangent of 37 de. 3 min. and ſet them upon the Horizo# 
from D to C; lo ſhall C be the Pole of the Vertical (or Azimuth) Circle Z MN. 


'Now by the Arch of the Primitive Circle Z, P, the 4rcb of the Hoar Circle PLN, 


interſe&ting the Azimurb Circle AMN in ©, there is, conſtituted the Oblique augled 


| - Spherical Triangle Z © P. The Triangle being Projeted, let us now p 


I. To Meaſure the Sides of the Triangle Z.© P. 


+ I. For the Side ZP: — A Ruler ]a1d to D, the Pole of the Primitive Circle, will cut 
the Primitive Circle in Z, and P; lo ZP meaſured npon the Scale of Chords will give 
2:4 deg 20m. for the Side Z P. IT | | 

2. For the Side Z ©: A Ruler [aid to C (the Pole of the Vertical (or Azimuth) 
Circle Z FE N to Z,, \will cut the Primitive Circle 11 Z,, and laid from C (the Pole) to 


©, it will cut the Primitive Circle in b; ſob Z, meaſured upon the Scale of Chords, will 
- give F2 deg. 34'min. for the Side Z ©, | E 
3 


orthe Side P © : A Ruler laid from E, (the Pole of the Howr Circ Þ LS) 
to P, will cut the Primitive Circle in Þ, and a Ruler laid from E to ©, will cut the 
Primitive Circle mn k. And & Þ meaſured upon the Scale of Chords, thall give 73 de. 
for the Sids. © P. And thus are the three Sides of the Spherigal Triangle 'Z, © P, 


meaſured, : 
Il. To meaſure the Angles of the Triangle Z 5 P. | 

1. For the Angle Z, P.© : -— The Meaſure of the Angle ZP ©, 13 the Arch of the 
EquinoGial Circle A T., the Complement whereof 15 L, D, whendfage take the diſtance 
LD, and meaſure ic upon "the Scale of Half Tangents, and Fac will find ic to contain 

Angle ZP © , 
2. For the Angle © ZP : — The Angle © ZP beingan Obw/ſe Angle, contains a- 
bove.go degrees, and the Meaſure of it 1s counted upon the Horizontal Circle-from M 
to O; whezefore DO being 9o deg. of the Half 'Tawgenrs, DM muſt be the' ſapple- 
ment of the Angle © Z P above go deg. therefore cake D M in your Gps and 
megſure it upon the Half Tangent Scale, and you thall fiad -irto contain 52 deg. 19 m. 
which added to.,90 deg. make 142 deg. 57 m. - for the quaneity of the - © ZP. 

3. For the Angle Z, © P, to which the Angle S © Nus-equal:; — Meaſwre go degrees 
upon the Azmmurb Circle Z, MN from © a Q,: ahd 99'deg. upon-the Hour* Circle 
PLS, from © to 'T; which to pertorm doe thus's A Rele? Jaid from C (the Pole = 

v [4 
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" the Azimuth Circle) to ©, will cut the Primitive Circle 1n b, and go deg. ſer upon the 
Primitive Circle from <, will reach to »; a Ruler laid from C to » will cut the Azimuth 
Circlein Q; fois © Q godeg. Allo a Ruler laid from E, (the Pole of the Hour Cr. 
cle PLS) to ©, will cut the Primitive Circle 1n /, and go deg. ſet from / upon the 
Primitive Circle, will reach to 7; and a Ruler laid from E to m, will cut the Hour 
Circle PLSin T ; fois © T go deg This done; a Ruler laid from © to Q, will 
cut the Primitive Circle mn 0, and a Ruler laid from © to T, will cut the Primitive 
Circle in q, and the diſtance 0 q meaſured upon the Scale of Chords will be found to be 
15 deg. 3 m. for the quantity of the Angle S © N, to which the Ample Z © Þ ig 
equal. . 

FAR thus plainly exhibited the manner how an Oblique angled Spherical Triangle 
15 to be projected, and the Sides and Angles thereof meaſured, 1c reſteth now, that [ 
ſhew how the Six ſeveral Caſes, and the Variety of Lueſt:ons that will arife out of eve- 
ry Oblique angled Spherical Triangle, are to be Reſolved. : 

| Therefore, 7 

In the Oblique angled Spherical Triangle Z. © P. 

ZP is the Complement of the Latitude, 24 deg. 29 m. 
The Side 22 © 18 the Complement of the Sun's Declination, or his diſtance from 

the North Pole, 753 degrees. 
Z. © 1s the Complement of the Sun's Altitude, 52 deg. 34 m. 

\ © ZP is the Sun's Azimuth from the North part of the Meridian 
The Auple ? 142 degrees 57 min. : | 
| 8 Z,P © is the Hour from Noon, 3o deg: or 2 Hours. | 
CZOP is the Angle of the Sun's Poſition, 15 deg. 3 min. f 
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CASE I. The three Sides ZP, Z 9 and ©P being grven, to find an Angle. 


In the Triangle Z © P if there be given the Side © Z, the Complement of the Sun's | 
Altitude, 7, P, the Complement of the Latitude, and © P, the Sun's diſtance from the 
Pole, or the Complement of his Declimation, you may find, 


1. O Z P, the Sun's Azimuth from the North. 
3. <2: Z© P, the Angle of the Sun's Poſition. | 
3. ZP ©, the Hour from Noon. | | 


CASE IT. Two Sides ©Z and ZP, and the Angle comprehended by them 
O ZP being given, to find the other Parts of the Triangle. 


If in the Triangle 7, © P there be given the Side © Z, and ZP, and the Angle be- 
tween them © Z P, you may find, 
Cr. Z © P, the Angle of the Sun's Poſition. 
2. LP ©, the Hour from the South, or Nos. 
| 3. © P, the Swr's diſtance from the Pole. | 
Bur if the Sides Z P and PO, and the Angle ZÞ © between them, had 
| been given, then might have been found, | 
4 PO Z, the Anpleof the Sun's Poſition. 
9. 5. © Z, the Complement of the Sun's Altitude. 
6. © Z P, the Azimuth of the Sun from the North. 
And if the Sides Z© and PE, with the Angle Z © P contained by them, 
| t adbeen given, there might be found, 
7. © ZP, the Sun's Azimuth from the North. 
8. Z P, the Complement of the Latitade. | 
9. ZP © the Hour from Noon. | 


CASE II. Two Angles oZP, and ZP ©, and a Side contained by them 
ZP, being given, to find the other Parts. 


| If in the Triangle Z © P the Angle © Z P and the Angle ZÞP ©, with the Side 
contained berween them, Z. P, be given, we may find, 
i. Z ©, the Complement of the Sun's Altitude. 
| [+ Z©P, the Angle of the Sun's Poſition. 
+3. 2Þ, the Complement of the Sun's Declination. 
Bur if the Side © P, and the Angles Z© P and ZP ©, had been given, 
.then mighe be found, | 


4- © Z, 
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4 ©, the Complement of the Sun's Altitude. 
5. OZP, the Azimuth trom the North. 
And if the Sids Z ©, and the Angles PZ © and PD Z, had 
| been given, then,you mighe find, | 
7. 4 
< 8. LP ©, the Hour from Noon, 
9. P ©, the Sun's diſtance from the Pole. 


| 6. UP, the Complement of the Latitude. 
P, the Complement of the Latirnde. 


4 
CASE IV. Two Sides, ZP and © P, with au Anglc oppoſite to one of them 
Z © P, being given, to find the other Parts 


. If may be given the Side ZP, the Side © P, andthe Angle Z © P, there may be 
und, 

(1. © Z, the Complement of the Sun's Alitude. 

| 2. © AP, the Sun's A%imuth from the North. 

3- ZP©, the Howr from the South. 
| Bur it the Side Z P, andthe Side © P, with the Angle © ZP, had been 
given, then might be found, | 
| 4. © 7,, the Complement of the Sun's Altitude. 
5. Z©P, the Angle of the Sun's Poſition. 
6. ZP©, the Hour from Noon. 
| An it _ had been given © P, © Z, and © Z.P, then might be 
ound, 

7+ Z P, the Complement of the Latitude. : 
8. ZP ©, the Hour from Noon. 
9. Z © P, the Angle of the Saw's Poſition. 
go In like manner, if the Sides P © and © Z,, with the Angle ZP ©, had 
"Y been given, then might be found, 
| 109. ZP, the Complement of the Latitude. 
| 


It. © ZP, the Azimuth from the Nerrb. 
12: Z. 2 P, the Angie of the Sur's Poſition. | 
Again, if the Sides © Z and ZP, with the Angle Z Þ ©, had been given, 
then would be found, 
13. P ©, the Sun's diſtance from the Pole. 
14. Z © P, the Angle of the Sun's Poſition. 
t5. © ZP, the Sun's Azimuth from the North. 
Laſtly, if che Sides OZ and Z P, withthe Angle Z, © P, had been given, 
then you might find, 
16. P ©, the Complement of the Sun's Declination, 
17. ZP ©, the Hour trom Noow. : 
118. OZ P, the Azimuth fromthe North. 


CasEt V. Two Angles, oZP and ZP ©, and a Side oppoſite to one of them 
PO, being given, to find the other Parts of the Triangle. 


In the Triangle Z, © P, if there be given the Angles © ZP, and ZP ©, with the 
Side P ©, there may be found, 
C1. Z P, the Complement of the Latitude. 
2. 7. ©, the Complement of the Sun's Altitude. 
| 3. Z © P, the Argle of the Sun's Poſition. 
But if there were given OZ. P and ZP ©, with the Side Z. ©, then might 
| bz found, 
4. Z P, the Complement of the Latitude: 
5. P ©, the Swn's Diſtance from the Pole. 
6. 2Z©OP, the Angle of the Sun's Poſition. : 
Andif the Angles ZPE and ZEP, with the Side EP, were given, 
| then might be found, 
.. Z.P, the Complement of the Latitude. 
18. P ©, the Hour from Noon. 
. © ZP, the Sun's Azimwhb from the North. | 
” Again, if there were given the Angles ZP © and Z © P, with the Side 
wh Z P, you might then find, 
I9.Z ©, 
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10. Z, ©, the Complement of the Sun's Altitude. 
11. P ©, the Complement of the Sun's Derlination. 
i112. E ZP, the Sun's Azimuth from the North. 
Allo it there were given the Angles Z © P and © ZP, with 
the Side ZP, you might find, 

13. Z ©, the Complement of = Sun's Altitude, 
| 14. P ©, the Complement of the Sun's Declinat ion. 

15. ZP ©, the Hour from Noon. 
And laſtly, 1t there were given the Angles Z,OPand E ZP, 
I 
C 


with the Side P E, then might be found, 
i6. Z, ©, the Complement of the Sun's Altitude. 
17. ZP, the Complement of the Latitude. 
£18: ZP ©, the Hour from Noon, 
CasSE VI. The three Angles ©ZP, ZoParndZPo, being given, to 
| | find the other Parts. 


In the Triangle Z © P, if the three Avgles © ZP, ZP©O, and P OZ, be given 
there may be found, Es | ; 
1. ZP, the Complement of the Latitude. 
. 5 P ©, the Sun's Diſtance from the Pole. 
3. Z ©, the Complement of the Sun's Alitade. 


Thus have you in = Six Caſes all the Varieties that will ariſe out of an Oblique an- 
gled Spherical Triangle, in the Converſion of which Caſes you may obſerve 60 Queſtions 
of the Sphere t0 be reſolved ; and ſo many are reſobuable in every Oblique angled "Spheri- 
cal Triangle, and 3o in every Right angled : So rhat in theſe two Triangles 90 Que- 
ſtions are reſolved. For, 


1s the Right angled Spherical Triangle, PRO. 


'C Firſt 
| Second | 
By the < Third ® Caſe are reſolved. 
Fourth I 
Fifth 


| Spherical 
; Queſtions, 


v3 > 0 wv 


In all 30. 


1s the Oblique angled Spherical Triangle, Z ©P. 
Firſt 3} 
Fx 9 
| ma 
By thec pour | Coſe are reſolved Q hd ph pres 
| | 18\ 
Coixth JF 3 S 
In all 60. 
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Þ CESTIE 


Three ſeveral ways Performed. 


The Firſt Way. Ty the Scales of Artificial Sines, Tan: 
gents and Logarithms. | 


H E Third jWay of Infrumentel Arithmetick beforegding Book I. Part IV. 
T hereof, is performed by Artificial, or Log arithmical Por Re upon a Two foot 
Ruler, and the manner of their diſpoſal upon the Raler is there ſhewed ; and as the 
Logarithms or Artificial Numbers were transferred from the Table of Logarithms, ſo 
are theſe Scales of Artificiel Sines and Taygents, transferred from the Tables or Canons 
of Artificial Sines and Tangents at the end of this Book; and the manner how to tran. 
fer them is ſo well known to all that are makers of Mathematical Inftrumems, that I 
ſhall ſay nothing concerning it in this Place, but ſhew how they are diſpoſed on the 
other Side of the Two foot Ruler before- mentioned: And fo refer you to the Figure 
of it in the fore-mentioned Firſt Book. Part IV. of Infrumencal Arubmeaick, ws 
you have the Figure of both Sides of the Ruler with the ſeveral Scales upon them dif- 
poſcd as is there hd here directed. ; 


How the Scales of Sines, Tangents, aud Lo rithms are to be diſpoſed 
ws #.. backfide - the Panda... 2 Ruler. Uſpeſed on 


T. The firſt Scele is a Scale of Artificial Sines, the whole length of the Ruler, divi- 
ded into 90 unequal Parts or Degrees, and num by r, 2, 3, &c. to 10, and from 
thence by 20, 30, 40, &*. to 99 degrers at the end ; each degree being divided (or 
ſuppoſed ſo to be) into 60 parts called Minutes. 

1. The Second Scale, is a Scale of Artificiel Tangenits, of the ſime length with the 
Sines, divided _— and numbered upwards by. I, 2, 3, &c. to 10, and from 
thence by 10, 20, 30, &c._ to 45 degrees, and back again downwards by 45, 50, 60, 
&c. towards. go deg. fo far as the Ruler will permit. _ vis 
Theſe two Scales of Sines and Tangents, are to be uſed with the Double Scale of Lo- 
arithms on the other Side of the Raler: But for the more convenience in working, 
in many Caſes, the ſame Dowble Scale 1s again repeated on this Side of the Ruler. | 

II. The Third Scale, is a Scale of Arcificiel Sines of che ſame nature with the for- 
mer, but it is but half the length thereof ; it having 90 de. in the middle of the Ruler; 
from whence the diviſions are continued upwards beyond go, and numbered by 10, 
20, 30, &c. towards go repreſenting Secants; but it would be better to number them 
by go, 100, 110, &c. towards 130 degrees, and fo it will reach at the end of the 
Ruler to 174 dep. 10 m. | | | 

IV. The Fourth is a Scale of Artificial Tangents, opving the Radius (or Tangeme of 
45 deg.) in the middle of the Scele, juſt againſt go deg. of the Sines, and is continued 
upwards beyond 45 deg. to the end of the Ruler, where it terminates at 84 degrees, 

Io min. | | | 
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Theſe two laſt Double Scales (for ſo I ſhall hereafter call them) of Sines and Tan 
gents, are allo to be uſed with the forementioned Double Scale of Logarithms (or Num. 
bers) and therefore, ic'were beſt ro place it between the Double, and the Simple Scales 
of Sines and Tangents, as in the Figure of the Ruler it 5. Theſe Double Scal:; will be 
of excellent Uſe in Trigonometrical Calculation, when Angles or Sidez do exceed go de. 
of Simes, or 45 degrees of Tangents,, as will appearinthe Caſe following. | | 

| And thus much for the Deſcription and Diſpoſal of the Scales upon the Rules I 
ſhall now proceed to ſhew the Uſes of theſe Scales, in the Solution of Triangles "Gy 


Plain and Spherical. 


Advertiſement. 


In the Solution of Plain and Spherical Triangles by the Proportional Scales ; it will be 
neceſſary to uſe ſometimes the Single Scale of Sines, and ſometimes the Double Scal: 
but always the Dowble Scales of Tangents and Logarithms. And to know when to uſz 
one, .and when the other, obſerve the following Rules. | | | 

T. If your Proportion be in Sines alone, or in Sine: and Loga- Single ; 

Scales. 


rithms jointly uſe che ; 
IE. If your Proportion be in. Sines and Tangent: jointly, always 
uſe the» 45% Os es " CDouble 


SECT. L 
Of Right Angled Plain Triangles. - 


Fhe Triengle which I ſhall make uſe of in the reſolving of the ſeveral Caſes belong- 
ing to Right angled Plain Triangles, ſhall be the ſame, which I made uſe of in Geome- 
frical Trigonometry noted with GC A'B Fig-L = Ike | 
EE. | In which Triangle Parts, 
A B The Baſe 180 Sr: 

CA The Perpendicular C contains z 1s Gof ariy Meaſure; 
. C225 | | 
| And, | d. s 4 ny 
A The Right Angle  DFoo-— oo 
C The Angle at the Perpendicular contains Q53—— 07 
B 'Th&' Angle at the Boſe | Jom——s; 


CASE I. The Baſe AB, and Perpendicular CA, give, to find the An- 
> 65; 0 gles at B and- C. ; 


f 


? 


| The Proportion is, 
- Log AB : Log CA :: R : *tB 
' 180 135 45d. 36d.53/ 


- "Extend the Compaſſes from 180 downwards to 135, (upon the Lop. Scale, }) the 
ſame- extent will reach from 45 degrees downwards, upon the Scale of Tangents, to 
36 d. 3 m. for the Angle at B, and allo to 53 d. 7 min. (its Complement) for the 4n- 
al) ple. 


Cas Il. The Hypotenuſe CB, and the Baſe AB given, to find the An- 


gles B and C. 
- The Proportion is, 
* Log: BC : Log: BA :: R : -C 
wh 225". 180 god. 53d.7 <1 


Extend the Compaſſes from 225 downwards to 180, the ſame extent will re 
from the Sine of 90 'Yownwards 'to 53 d.. 7 m. for the Angle ar C ; whoſe Complement 
36d. 53 m. is the Angle at B, | 


Caſe 
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CasSE Ill. The Baſe A B, the Angles © and B given, to find the Perpen- 
_ dicular CA. 


The Proportion is, 
:C : 5B :: Log. AB : Log. CA 
53d.7 36d.53 189 135 


The extent of the Compaſſes from the Sine of 53d. 7 m. downwards to 36d. 54 m. 
will reach from the Log. of 180 downwards to 135, for the Perpendicular C A. 


CASE IV. The Hypotcnuſe CB, and the Angles C and B given, to find 
the Perpendicular. | 


The Proportion is, 
R : sB :: Log. BC. : Log. CA 
god. 36d.53 228 135 
' Extend the Compaſſes from the Sine of 99 downwards to the Sine of 364. 523 wm: 


the ſame extent will reach from the Log, of 228 downwards to 135, the length of 
the Perpendicular C A. | | | 


CASE V. The Baſe AB, and the' Perpendicular A C given, to find' the 


Hypotenuſle. 
The Proportions are, | 
(1) Log BA : Log: CB tz gl © 
189 228 45 d. 53d 7 
(2) 5 2 RR 2+ Leg Cahn nas CE 
36d. 53 9o 135 228 


T. Extend the Compaſles from the Log. of 180 uv wards to 228, the ſame extent 
will reach from the Tangent of 45 d. (on the double Scale) upwards to the Target 
of 53 d. 7 Mm» the Angle at ©. | 

2. The extent of the Compaſſes from the Size of 36d. 53 m. upwards to 9o deg. 
will reach from the Log, of 135 upwards to 228, the Hypotenuſe BG. 


Cast VI. 7he Hypotenuſe C B, and the Baſe AB given, to find the 
Perpendicular C A. 


The Proportions are, 


(1) Log, CB : Log AB ::!'/ Ks £C 
228 180 god. $53d9 
(2) R : sB :: Log. CB ; Log CA. 
| god. 36d.53 228 I35 


rt. Extend the Compaſſes from 228 downwards to 180 , the ſame extent will reach 
from 9o deg. downwards to 53 d. 7 m. the quatitity of the Angle at C. 

2. The extent from go downwards to the Sine 36d. 53 m- will reach from 228 
downwards tothe Log. of 135, the Perpendicular C A. 


Case VII. The Baſe AB, and the Angles C and B, given, to find the 
Hypotenuſe C B. 


The Proportion 15, 
»G:'';: R 4 Log ABD 2 A CH 
53d. 7 god. 180 228 


The extent of the Compaſſes from the Sime of 53d. 5 m. upwards to ge de. will 
reach from 180 upwards to 228, the Log: of C B, che Hypotenaſe. 
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SECT. IL 


Of Oblique Angled Plain Triangles. 


The Triangle, which I ſhall make uſe of in the Solution of Oblique Angled Plain 


Triangles, be the Triangle C D B: In which | 
| Parts ; 


DB the Baſe 335 : | 
CB the longer Side > contains i716 Of any Meaſure. 
D Cthe ſhorter Side 100 
And deg. min. 
' G the Obtuſe Angle 6 ; 7 22-— 00 
contains 


” : the 3 Acute Angles = -n_ | 


In the Solution of which Oblique Triangle, T call the longeſt Side (always) the 
Baſe ; and the other two I cal] the Sides (or Legs,) without any other appellation or 
diſtinction of Baſe or Perpendicular. 


Cas I. The Baſe BD, rhe Side CB, and the Angle at D, (oppoſite to 
the Side CD) being given, to find the Angle at C, oppoſite to the 
Baſe BD. | 


The Proportion is, 
Log. BC : 5D :: Log. BD : 5C 
271 43 d. 200 335 122 
Extend the Compaſſes from the Log. of 271 to the Log. of 335 , the ſame ex- 
tent will reach from the Sie of 43 deg. 20 min. (upon the Double Scale of Sines ) 


| to 58 deg. whoſe Complement to 180 deg. is 122 deg. for the Angle at C. 


Case ll. The Baſe BD, the Side DC, with the Angle D (comprehended 
between them) being given, to find the other two Angles B and C. 


kk 


To reſolve this Caſe, you muſt firſt get the Summ and the Difference of the two 
given Sides, and alſo the half Summ of the two unknown Angles, at B and C, 


in this manner : 


| The two given Sides are, | --b - oy 
Their Summ 435 


Their Difference 235 
-F : Their half Difference 117.5 Tr 


Which ſubtracted from 180 . oo m. 

Leaves 136 . 4o m. 
Which is the Summ of the two Angles at C and B, 
The half whereof is, 68 . 20 m. 


Being thus prepared, | FER 
The Proportion 1s, 


Log. CD and DB : Log. differ. :: £4 CandB : 74 Dif. Cand B. 
435 235 68 d. 20 m, 53 d. 40 


Extend the Compaſſes from 435 ( the Sum of the Sides) downwards to 235 
(the Difference of the Sides ,) the ſame extent will reach (upon the double Scale of 
Tangents)) from the Tangent of 68d. 20 m. (the half Summ of the Angles C and B) 


downwards to the Tawgent of 53 de. 40 m. 
This 53d. 40 m. being added to 68 d. 20 m. gives 122 d. for the greater Angle at 


C ; and being ſubtracted therefrom, leaves 14 d. 40 m. for the leſſer Angle at Be 
: Cale 


—— 


| 
v 
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CaseE II. The three Sides BD, DC, and BC being gruen, to find any 
| of the Angles, viz. B. 


- For the Solution of this Ceſe you muſt get the Sumn), and the Difference of the 
two Sides, contaimng the Ob;uſe Angle; Thus, wy 


CD 100 
The Side 15 < F 
B C 271 


Their Summ 371 
"Their Difference 171 


The Boſe BDis 335 


Theſe things thus found, the Proportion 15, 


Log. BD : Log. CD and BC :: Differ. CD and BC : Fourth. 

335 371 I7T ' 189.4 
Extend the Compaſſes from 335 upwards, to 371; the ſame extene will reach, 
the ſame way, from 171, to 189.49 This Fourth Summ, being ſubtracted from the 
Baſe BD, 335, will leave 145-6 ; the half whereof is 72.8 : And that is the length 
of the BaſefromDtoE ; in which Point, a Perpendicular let fall from the Obruſe Angle 
at C, will fall: And ſo the Ohtuſe angled Triangle BC D, will be reduced into two 
Right angled Triangles CED, and CBE; an -_ of the Parts (Sides, or Angles) 


of any of them may be found, by the reſpeive Caſes of Right angled Plain Triangles, 
as in ths Firſt Section hereof. , Ae Right ang + aan. 


Cas E IV. The three Angles B, C, and D, being given, to find any 
of the Sides. 


For the Solving of this Caſe, no abſolute Proportion can be preſcribed ; for the 
Sides themſelves cannot abſolutely be found ; but” their gn 56 one to another 


' may be obtained: For the Three Angles of one Triangle, may be equal to the Three 
Angles of another Triangle; although their Sides be altogether unequal. 
; . | 


CasE V. Two Sides BC, and CD; with the Angle at C, contained be- 


_ tween them, being given, to find the Bale BD; oppoſite to the given 
Angle at C. | 


By the two foregoing Caſes, you muſt Und the two Angler at B and D; then 
make choice of one of the containing Sides (as CD) to work by : And then, 
The Proportion is, 

sB : scCtoivo :; Log. CD : Log. BD. 
14d. 49 58 d. 108-2. .-:, 288 
Extend the Compaſſes, from the Sie of 14 de.' 40 min. upwards to'5$ de. the 


ſame extent will reach from the Log. of 100, the ſame way ; to 335, for the 
Baſe BD. | | 
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CHAP. E 


The Solution of Spherical Triangles ; By the Scales 
of Artificial Sines and Tangents. 


SECT. L 
Of Right Angled Spherical Triangles. 


. IV. the Solution of the X Caſes of Right angled Spherical Triangles, by the Pro- 
my | | [prcober Lines, I ſhall make uſe of the Triang/e BA C, Right angled at A: The 
quantity of the Sides and Angles whereof, with their Complements, are here exhi- 


* Vit. 

_ 1. For the Sides. 
: | de. m-. | de. m. 
The Hypotenuſe CB ——ﬀqazo>- 30 . oo | 60. oo 
The Baſe BA -— 27 . 54 ; 62 . 06 
The Perpendicular C A —— 11 . 30 | 78 WO 


2. For ,the Angles. 
The Angle at the Baſe B 23 . 30 66. 30 
The Angle at the Perpendicular C 69 . 22 | 20 . 39 


CASE I. The Hypotenuſe B C, and the Angle at the Baſe B, given, to 
find the Perpendicular C A. 


The Proportion is, 
R - s BC '$- s B : s CA 
go d. 30d. 23d. 30 11d. 30 
Extend the Compaſlies from the Size of go d. (in the Single Scale) downwards to 


30 deg. the ſame extent will reach (the ſame way) from 23 d. 3o m. to 114. 30m. 
the Perpendicular. 


CASE II. The Hypotenuſe CA, and Perpendicular C A giver, to 
find the Baſe B A. ; 


| The Feoporion 15, 
cs CA : ITT ©: AE. cs BA 
78d. 30 god. 60d. 62 d. 6' 


Extend the Compaſſes, from the Sine of 7 d. 30 m. up to 90 deg. the ſame ex- 
tent will reach from 60 deg. upwards to 62 deg. 6 m. whoſe Complement 27 de. 54 m. 
15 the Baſe B A. — Or, extent of the Compaſlcs from 98 d. 390 m. downwards 


to 60 de. will reach from 9ode. down to 62 de. 6 min. for the Complement of the 
Baſe BA. 


CASE II. The Angles at the Baſe aud Perpendicular B and C, giver, 
to find the Perpendicular C A. 


The Proportion 1s, 
—— eB ::: © ; cs CA 
69d. 2% 66d. 30' god. 79d. 30 
»_ The extent of the Compaſſes from 69 d. 22 m. down: to 66 de. 30 m. will reach 
from 9o de. down to 79 d. 30 m. whoſe Complement is 11 de. 3o m. for the Perpen- 


diculer CA; —— Or, the extent from 69 d. 36 m. up to 90d. will reach from 66 d. 
39m. up to 79 de. 30 m, as before. 


Calc 
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CasSE IV. The Bale BA, and the Angle at the Baſe B, Leing given, 
ro find the Perpendicular C A. | 


- The Propottion is, 
—— RR 7 ERR 2" = 
god. 27d. 54 23d. 30 11d. 30' 
The extent of che Compaſles, from the Sine of 90 (upon the double Scale) down 
to 27 de. 54 m. will reach {upon the Tangent Scale) from 23 de. 30 m. downwards 
ro 11 de. 30 m. for the Perpendicular C A. | 


CasE V. The Perpendicular CA, and the Angle at the Baſe B, giver, 
to find the Baſe, BA. 


The Proportion is 
'; ee FT $1 R 7+ BA 
23d. 30 11d. 30' go d. 27d. 54 | 
Extend the mg from the Tangent of 23 d. 30m. down to 11d. 3o min. 
che ſame extent will reach from the Sine of 9o d. (upon the doxble Scale) down to 
27 d. 54 m. tor the Baſe BA. 


CASE VI. Zhe Hypotenuſe CB, and Angle at the Perpendicular C, 
given, to find the Perpendicular C A. 


The Proportion 1s, 
R E680 5. ; BE 10A 
god. 20d. 24 30d. 0) 11d. 30 
Extend the Compaſles from the Sine of 92 d. downwards (upon the double Scale) 
to 20d. 24 m. che ſame excene will reach tho ſame way. from the Tangent of 30 de. 
ro the Tangent of 11 de. 30 m. for the Perpendicular, C A. | 


CasE Vil. The Angles at the Baſe and Perpendicular B and C, gives, 
zo find the Hypotenuſe CB. 


| The Proportion 15, 
RP ct B + R : cs CB 
69 d. 22' 66d. 30' god. 60 d. 
Extend the Compaſſes from the Tangent of 69 d. 22 m. down to 66 deg. 
o min. the ſame extent will reach the fame way from the Sine of 9o deg. ts 
8 Sine of 60 deg. Whoſe Complement 30 deg. is the Hypotenuſe CB. 


CasE VIII The Baſe BA, and Perpendicular C A, given, to find 
the Hypotenaſe B C. 


The Proportion is, 
WE 2 cs BA oF cs CA 2:2: cs CB 
go d. 624.6 28d. zo 60 d. 
The extent of the Quaagetin from the Sine of go deg. to the Sie of 62 d. 6 mv 
(upon the Single Scale) will reach from the Sine of 78 de. 30 m. to the Sive of 60 d- 
for the Complement of the Hyporenuſe C B 30 d. 


Ca'ss IX. The Perpendicular C A, and the Angle «ts the Baſe B, gives, 
zo find the Hypotenuſe B C. 


The Proportion 15, 
” RR, ER  7.- 
23d. 30' god. 11d. 30! 30d. oo 


wm 
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Extend the Compaſſes from the Sine of 23 "I 30 m. up to 90; the ſame extent will 
reach the ſame way from x1 d. 30 m. to 30d. fot the Hypotenuſe BC. 


CASE X. The Baſe B A, and Angle at the Baſe B, given, to find 
| the Hypotenuſe B C. 


The Proportion is, 
R : cs B 3 ct BA : et BC 
go d. 66d. 3om. 62d.6' 60d. © 


Extend the Compaſlles from the Sine of go de. to the Sie of 66 de. 3o m. the ſame 
extent will reach from the Tangent of 62 de. 6 m. the ſame way, tothe Tangent of 60 d. 
whoſe Complement 30 d. is the Hypotenuſe BC. - | 


Cass XI. Zhe Perpendicular CA, and the Angle at the Perpendicular C, 
given, to find the Angle at the Baſe B. 


| | The Proportion 1s, 
R q s C 22 cs CA : cs B 
go d. 69 d. 22 +180. 30' 66d. 30 
The extent of the Compaſſes, from the Sine of go de. (upon the ſingle Scale) down- 
wards to 69 de. 22 m. will reach from 78 d. 3o m. to 66 d. 30 m. whole Complement - 
23d. 3om. 15 the Angle at the Baſe B. | 


CASE XII. T7he Perpendicular C A, and the Angle at the Baſe B, giver, 
to find the Angle at the Perpendicular C. 
The Proportion 1s, 
cs CA : cs R 53 R : s C 
8 d. 30, 66d. 30' go d. 69 d. 22* 
Extend the Compaſſes upon the fingle Scale, from the Sine of 98 d; 30 m. to 664. 
m. the ſame extent will reach from the Sine of go d. to the Sine of 694. 22 m. for 


0 
bs Angle at the Perpendicular C. 


CasE XIII. 7he Hypotenuſe BC, and the Perpendicular C A, given, 
to find the Angle at the Baſe B, 


The Proportion 15, 
SS] is K 3 - $ODd: -" s B 
30 d. go d. 114. 30m- 23d. 30 


The extent of the Compaſſes from the Size of 3o de. up to 9ode. will reach from 
11 de. 30 m. upto 23 de. 30m. for the Angle at the Boſe B. 


CAasE XIV. The Baſa BA, and Perpendicular C A, given, to find the 
Angle at the Baſe B. 


| The Proportion is, 
Oo Pe Ti TE: 3 
27d. 54 god. 11d. 30' 23d. 30 | 


Extend the Compaſſes from the Sine of 257 de. 5 4 m- upto god. the ſame extent 
will reach from the Tangent of 11d. 30m. upto 234. 30 m. for the Avgle at B. 


Cast XV. The Hypotenuſe B C, a»d Perpendicular C A, given, to find 
4 the Angle at the Perpendicular C. 


The Proportion 15, 
:BC - ev@A 'F- R "RR 7 © 
[ 30d. of 11d; 30' go d: 20. 24 | 
; Extend 


i 
. 
PE” 
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Extend the Compaſſes from the Tangent of 30 de. down to the Fangent efards 
39 m. the ſame extent will reach from the Sine of go deg. to the Sine of 20 d. 24 m, 
whoſe Complement 69 d. 36 m. is the Angle at the Perpendicular. 


CASE XVI. The Hypotenuſe B C, and Angle at the Perpendicular C, 
given, to find the Angle at the Baſe B. 


| The Proportion is, 
R L-: eeGDB -$- tC - ee: ; 
go d. 60 d. 69 d. 22' 664d. 36 *' 
Extend the Compaſles from the S;»e of 9o d. down to 60 d. the ſame extent will 
reach from the Tangent of 69 d. 22 m. to the Taxgent of 664. 30 m. Whoſe Comple- 
ment 15 2.3 d. 3 m. for the Angle at B. 


SEC 
Of Oblique angled Spherical Triangles. 
N the Solution of the XII Caſes of Oblique angled Spherical Triangles by the Scales , 


I ſhall make uſe of the Triangle Z PS, Obtuſe angled at Z,, whole Sides and An- 
gles, with their Complements, are as is here exhibited ; viz. 


De: M. | De: M. 
| ZP 38 3o | FI 39 
The Side <Z S 40 oo Fo oo 
S P 70 oo\ Whoſe Com- Jz2o oo 
Z 139 oBf plememt is N49 52 
The Angle <'S 39 24 J59 36 
P 31-22 55s 28 
S ZReo— 65.49 - Rp IT 
The Angle $27 Rn BE whoſe Complement is 014 DT I 
The Perpendicular ZR 18.59 
_ De. M. D. M. 
35 - 54T 54 . 06 
The Segments of the Baſe > 1 -l S4T Complement $54 «54 


CasE TI. Two Sides ZP, ZS, and the Angle S, oppofite to the Side ZP, 
given, to find the Angle P, oppoſite to the other Side ZS. 


The Proportion is, 
s.P : sS 2 sSZ F*-eÞ 
38d. 30' 30d. 24 40d. of 31d. 32' 
Extend the Compaſſes from the Sine of 38 d. 3o m. to the Sine of 30d. 24 m- 
the ſame extent will reach (the ſame way) from 40d. to 31d. 32 m. for the Angle 
at P. 


CASE II. Two Angles Z and P, with the Side SP, oppoſite to Z, given, 
to find the Side SZ, oppoſite to the Angle at P. 


| ; The Proportion 1s, : 
s 7, : s:SP * © s P . sS 
130d, $' 0d.0 31d. 32) 40d. og 


The extent of the Compaſſes from the Sine of 49 de. 52 m. (the Complement of 
132 d, $ m. the Angle at Z,, to 180d.) to 70 d. will reach the ſame way, from 31 d. 
32 m. to 40d. for the Side Z S. 

In the Solution of the following Ten Caſes, it will be neceſſary to reduce the Ob- 
l:que Triangle 1nto Two Right angled Triangles , by letting fall a Perpendicular from an 
Angle upon a Side oppoſite thereunto; For the letting fall of which obſerve the fol- 
lowing Direttons : The 

I, 


t 
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1. The Perpendicular muſt be let fall from an unknown Angle, upon a Side oppo- 
ſite thereumto ; extended 1f need requre. | = 

2. By the Perpendicular Z R, lo let fall, he Oblique angled Triangle Z,SP is re- 
duced into two Right angled Triangles ZRS, and ZR P, both Right angled at R. 

3- This Perpendicular talls ſorneumes Within, and ſometimes Without the Oblique 
Triangle : For, . 

4, When both the Angles at the ends of that Side upon which the Perpendicular is 
to fall, are either both Acute, or both Obru/e, the Perpendicular falls Within the Trian- 
gle: As in our Triangle, the Perpendicular alls upon the Side S P, whoſe Angles at S 
and P are both Acute. *-— But: when one of the Angles is Acute, and the other 0s- 
twſe, the Perpendicular will fall Without the Triangle upon a Side extended. 

5. That S:de muſt be always called the Baſe upon which the Perpendicular falls. 


Theſe things premiſed, I proceed to 


CasE II. 7wo Sides SZ and SP, with the Angle S contained between 
them, given, to find the oppoſite Angle at P. 


In this Caſe, the Baſe 1s that given Side which 1s adjacent to the Angle ſought, 
namely SP... 
| The Proportions are, 
(1) R : csS 3» $SY : :SR 
god  g9d.36 404. 0! 35d. 54 
25K :--RP 3 eS : 
35d. 54 34d & | god. 24 : 31d. 32 
(1) Extend the afſes from the Sine of go de. to the Size of 59d. 36 m. the 
_ _ will reach from the Tangent of 45 deg. to the Tangent of 35 deg. 54m. 
or SR. | 
(2) Extend the Compaſſes from the Sine of 35 d. 54 m. to 34 deg. 6 m. the ſame 
extenc will reach from the Tangene of 30 deg. 24 m. to the Tangent of 31 d. 32 m. 
for the Angle at P. 


CasE IV. Two Sides ZP aud P'S, with the Angle at P, included between 
them, given, to find the Side ZS oppoſite to the given Angle at P. 
In this Caſe the Baſe is one of the given Sides: And, 


| The Proportions are, 
(1) R :  @6:P 2 eLP :x :PR 


go d. 58d. 28' 38d. 30 34d. 6 
(2) cs PR. - cs SR. . 2: ev &P : cs ZS 
55d. 54 54d. 6' 51d. 30' 5od. | 


(x) Extend the Compaſſes from the Sme of go d. to'the Sine of 58d. 28 min. the 
ſame extent will reach from the Tangent of 38 d. 30 m. to the Tangent of 34d. 6 m. 

(2) Extend the Compaſſes from the Sme of 55 d. 54 m. to the Swe of 54d. 6 m. 
the ſame extent will reach from the Sie of 51 d. 30 m. to the Sine of als whoſe 
Complement 40 d. is the Side ZS. 


CasE V. Two Sides ZP and Z S, with the Angle Þ contained between 
them, given, to find the Angle S, oppoſite to ZP. 


The Proportions are, 
(1) R : wy: $3 :ZP : :RP 


god. 584.28 38. 30' 1446 
GO PR:; -: :-SR + :P : fS 
34d. 6 35d. 54 41 d. 32* 30d. 24 


(1) Extend the Compaſſes from the Sie of 99 d. to the Sine 58 d. 28 m. the ſame 

; will reach from the Tangent of 38d. 30 m. to the Tangent of 34 d. 6 m. | 
(2) The extent of the Compalles from the Sine of 34d. 6 m. -to 35 d. 54 m. will 

reach from the Tangent of 31d. 32 m. to 30d, 24m. for Angle at S, 


Caſe 
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Cass VI. Tio Sides ZP and ZS, with the! Angle P, oppoſite to $Z; 
given, to find the Angle Z, contained between them. 


In this Caſe, the Baſe is always the Side unknown. And, 


| The Proportions are, 
0) R : c3 EP + ::; :P * .84RZP 


s god. 51d, 30! 31d. 32" 25d. 3s 
(2) #85 : £ZÞP :: es REP ; ecsSZR 
42d. 238d. 30 25d. 41' 24d. 11' 


(1) Extend the Compaſles from the Sine of go d. to the Sine of 51 d. 30m. that 
extent will reach from the Tangent of 31 d. 32 m. to the Tangent of 24d. 28 m. whoſe 
Complement 64d. 19 m. is the quantity of the Angle R ZP. 

(2) The extent of the Compaſſes from the Tangent of 40 d. to the Tangent of 38 d. 
35 m. will reach from the Sime of 25 d. 41 m. tothe Sine of 24d. 11 m. whoſe Com- 
plement 65 d. 49 m. 15 the AngleSZR ; which added to 644d. 19 m. the'Angle RZP, 
makes 130 de. 08 m. for the whole Angle SZ P. "2 


CasE VI. Two Sides ZS and ZP, with the Angle S, oppoſite to-ZP, 
given, to find the Side SP, adjacent to the given Angle S. | 


The Proportions are, 


(1) R : csS 4 £78 : :SR \ 
_ 90d. 59d. 36 40d. of 35d. 54 
(2) co&S 2; exrZÞP 3 co SR we BER 
god. F$F1d.z0' 544d. 6' 55d. 54 


(1) Extend the Compaſles from the Size of 99d. to 59 d. 36 m. the ſame extent 
will reach from the Tangent of 40d. to the Tangent of 35 d. 54m. for SR. 

(2) Extend the Compaſſes from the Sine of 50d. to the Sine of 51 d. 3o m. the 
ſame will reach from the Swe of $4 d. 6 m. to the Sme of 55 d. 54 m. whoſe Com- 
plement 34d. 6 m. is R P, which added to SR 35d. 54m. makes 704d. forthe whole 


Side SP. 

CASE VIII. 7wo Angles S and Z, with the Side SZ, comprehended be. 
tween them, being given, to find the Angle at P, oppoſite to the given 
Side ZS. 

In this Caſe, the Baſe may be either of the unknown Sides; And 


j# ; | - The Proportions are, 
(1) Lk etSZ *2 rS : ct RZS 


go d. god. o' 30d. 24 244. 11* 
(2) sRZS : sRZP + csS MM 7 , 
65d. 4% 64d. 19 $9d. 36 $34 28 


(1) Extend the Compaſles from the Size of 90 d. to the Sie of 5o d. the ſame ex- 
tent will reach from the Tangent of 32 d. 24 m. tothe Tangent of 244. 11', whoſe Com- 


plement 65 d. 49 m. 15 the Angie R ot, 4 wc | 
 O6) The extent of the Compaſſes from the Sine of 65.4. 49 m. to the Sine of 64d. 


19 m. Will reach from the Sie of 59 d. 36 m. to 58d. 28 m. whoſe Complement 31 d. 
32 m- is the Angle ar P. NEIIS 


CasE IX. 7wo Angles Z and P, with the Side ZP, comprehended be- 
' tween them, being given, to find the Side Z S, oppoſite tothe given 
Angle at P. | > | 
In this Caſe, the Boſe is the Side S P, which is neither given nor ſought. - And, 
The Proportions are, 
(1) R - es &ÞP _ 329 8-19 ct RZP | 


god. 51 d.30 31d.32 25d. 4r' 
(2) csRZS : csRZP 5; x$ZP * $&Y 
24d;11' 25d.41 338d. 330m 4od.o' 


(1) Extend 


- a > > 
4 - __ þ Ll 


abit. 1.7” +  _— 
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(1) Extend the Compaſſes from the Sine of go d. to the Sine of 51 d. 30 m. the 
ſame extent will reach from the Tangent of ;h d. 32 m. tothe Tangent of 25 d. 41 m. 
whoſe Complement 64 d. 19 m. 15 the Angle P ZR. 

(2) Extend the Compaſſes from the Sine of 24. 11 m. to the Sine of 25 d. 41 m. 
the ſame extent will reach from the Tangent of 38 d. 30 m. to the Tangent of 40 deg. 


for the Side S Z. 


CASE X. Two Angles S and P, with a Side oppoſite to one of them, $7 
being given, to find the third Angle at Z. . 


In this Caſe, the Baſe is the Side oppoſite to the Angle ſought, vis. SP. And 
The Proportions are, 
i: ciZS :3.,45 2 et SEK 


99d. god. o 30d. 24 24d 11' 
5 83 i2 ceÞP 2: s$SZR : RZP 
$9d. 36 $584d.28' 65d. 49 64d. 19 


(r) Extend the Compaſſes from the Sine of 90d. to the Sine of 50 d. the ſame will 
reach from the Tangent of 30d. 24 m. to the Tangent of 24d. 11 m. whoſe Complement 
65 d. 49 m. 1s the quantity of the Angle SZ R. | 

(2) Extend the Compalles from the Sine of 59 d. 36 m. to the Sine of 584. 28 m. 
the ſame will reach from the Sie of 65 d. 49 m. to the Sine of 644. 19 m. for the 
Angle R ZP; which added to 65 d. 19 m. the Amlhe SZR, makes 130d, 8 m. for 
the whole Angle at Z. 


Cassx XI. Three Sides SZ, ZP and SP, being given, to find an Angle, 
viz. the Angle at Z. 


In this Caſe, the Side oppoſite to the enquired Angle is the Baſe ; and before the 
Triangle can be reſolved, you muſt, 
Firſt, Add all the three Sides together, and fo have you the Summ of them. 
Secondly, Take half chat Summ. 
Thirdly, Take the Difference between the half Summ and the Side oppoſite to the 


inquired Angle. Thus, 


S Z, an——— 40 009 
The Side. <ZP —— 38 30 


SP—— JO = —— OO 


« 


Their Summ 148. — 30 
| | | The half Summ 94-— 5 
| The Difference between the Baſe SP 50d. and wakmokomay VOY 
74 deg. 15 m. is - DE — | $ 


PX 
w=_ —} 


L — 
Loc 


Having made this proviſion, — | 
| The Proportions will be, 
SE 3D :;h 2 Þ3 Sime 
go d. d. o' 38d. 30' 23d. 35 
(2) Sine : shalfSumm :: Dt ce : Sie 
23d. 35 "4d. 15 4d. 15 rod; 17 


(1) Extend the Compaſſes from the Sine of 90d. to the Sie of 40 d. the ſame 
extent will reach from the Sime of 38d. 30 m. to the Sine of 234. 35 m. 

G) The extent of the Compaſſes from the Sie of 23 d. 35 m. to the Sine of 74d. 
15 m..(the half Summ) will reach from the Sine of 44d. 15 m. (the Difference) co 
wo fg 15 bh he Scale of Sie) be ts 6k. bf 

3) Divide (upon the Scale of Sine) between 10 17 min. la 
found and go deg, ry the.Compaſs point will reſt upon 24 deg. 56 min. whoſe 
Complement 1s 65 deg, 4 min. and that doubled makes 130 deg. $ min. for the en- 
quired Angle at Z. 


Caſe. 


—_—__—_—_——_— ere _—_— — — —_— _— 
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CCC 


of TRIGONOMETRY. _ 


— —— - —— - — — —— —— 


CasE XI. Tre Three Angles Z, S, and P, given, to find any of the 
other Sides. 


This 15 but the converle of the former Caſe, and may be relolved in the ſame 
manner, for if either of the Angles adjacenc to the required Side be turned into its 
Complement to 180 deg. thoſe _— will be turned into Sides; and the Sides into 
Angles ; and ſo the Triangle may be reſolved as in the laſt Caſe. 


a 


INSTRUMENTAL 


TRIGONOMETRY. 


ESI en o_—_ oa — ———— 


The Second WAY. 


———  ————————— 4p 


By the Caleſtial GLOBE. 


Spherical Triangles, are 4/7 repreſented by the Circles upon, and thoſe ap- 
pendent to the Globes3 upon which the Sides and Angles of all Sphe- 
rical Triangles are naturally repreſented , and moſt expeditiouſly Mea- 
ſured. 


T* the Solution of Spherical Triangles by the Globe ; in Right angled Triangles, 1 
call that Side which is oppoſite ro the Right Angle the Hypotenuſe ; and the o- 
ther two Sides which comprehend the Right Angle, 1 call the S:des or Legs, without 
any diſtin& denomination of Baſe or Perpendicular, as in the other ways of reſol- 
ving of them I do, and that for ſeveral reaſons , which will hereafter appear 
And, 

In Oblique Angled Spherical Triangles, I call the Sides Sides, and the Angles Angles, 
without any other diſtinaion. 

In the Solution of Right angled Spherical Triangles, there are uſually 16 Caſes, 
which will all be reduced to Five for that by the Globe three things are at once 
found. And in Oblique angled Spherical Triangles, there are uſual 12 Caſes, which 
by the Globe will be reduced to 6 ; the Globe aniwering two at one Poſition. 

In the Scheme or Figure of the Sphere or Globe, it being in an Oblique Poſition, wiz. Fig. VI. 
elevated to the Latitude of London, 51 deg. 3o min. you have upon the Superficies 
thereof divers Spherical Lines and Circles, by the interſetions whereof are conſti- 
tuted divers Spherical Triangles ; ſome whereof are Right angled, and others Oblique 
@ngled : Of which I ſhall make uſe only of Two; one for the Five Caſes of Right an- 
gled Triangles, the other for the Six Caſes of Oblique angled\Triangles. 


The Triangle which I ſhall make uſe of for the Five Caſes of Right angled Tri- 


angles, ſball be the Triangle P O ©, Right angled ar O, and noted in the 
middle thereof with 1. | 


Yyy | In 
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In which Right angled Spherical Triangle P O ©, 


” Po, being an Arch of the Braſs Meridian, we ſuppoſe to be the Latitude of 
London, 51 d. 3o min. 


IV 

= Sun's Rifing or Setting, from the North part of the Meridian 56 d. 40 min. 

<= P ©, being the Arch of another Meridian, or Hour Circle, (which the Equi- 
notial Colure will beſt ſupply or repreſent) we ſuppoſe to be the Sun's diſtance 

Lfrom the Foie, or the Complement of his Declination 79 d. 09 mn. 

© PO, 1s the Hour from Midnight, whoſe Meaſure 15 to be reckoned upon 
the Equinotial, between the Equinoctial Colure, and the Braſs Meridian, and will 

| be 62 d. 45 mM. or in time 4 hours 11 m. 

P © O, 1s the Angle of the Swn's Poſition at the time of the Queſtion, whoſe 
Meaſure 15 the Arch of a Great Circle, comprehended berween thz Compliment 
of the Side © O, on the Horizgn, and the Complement of the Side © Þ, on the 
Equino&ial Colare ; both thols S:4es being continued to Quadrants, on the con- 
FP | trary S:de of the Bra/s Meridian, and will contain 564d. 39 min. | 

POO, 15 the Righz: Angle, whole Meaſure is the deg. of the Quadrant of Al. 
titude, contained berween the Eaſ? or Ieſt points of the Horizon and the Zenuh, 

L which 1s go deg. 


Angol 
he . "gle 


The ſeveral parts of the Triangle being thus declared, let us now proceed to the 
ſeveral Caſes, which arile our of this, and every Right angled Spherical Triangle. 


SEO 
Of Right angled Spherical Triangles. 


CASE I. The two Sides (or Legs) POS$tL deg. zo min. and DO 564. 
go min. being given, to find the Hypotenule P ©, and rhe Angles 


oPO, axd Po DO. 


QFeing that the Side P O is an Arch of the Braſs Meridian, and contains 51 deg, 
29 Min. count thereupon from the Pole, 51 deg. 3o min. and bring thoſe de- 
grees to the Herizon. Then the Side © O being an Arch of the Horizon, and con- 
tains 55 deg. 40 min. count upon the Horiz.cz, from the Meridian, 56 deg. 40 min. 
and turn the Globe about till the Equinoctial Colure do touch thole degrees of the Ho- 
rizon; (o ſhall you have the true Triangle pertecly deſcribed upon the Globe it ſelf : 
For from the Pole to the Horizon, upon the Meridian, 15 equal to PO; from the 
Horizon to the Pole, upon the Colure, is equal to P©; And from the Colure to the 
Meridian, upon the Horizon 15 equal to © O. Now (1.) P O, being 514d. 3o m» 
and O ©, 56 deg. 40 min. the degrees of the Colure counted from the Pole to the 
Horizon, will be found 5o degrees; for the Hypotenuſe P ©, which was required. 
(2.) For the Angle © P O, count the degrees of the Equmottial which are contain- 
ed between the Colare and the Braſs Meridian, and you ſhall find them to be 62 d. 
45 min. or fotir hours eleven min. for the quantity of the Angie © P O, (3.) For 
the Angle Þ ® O, count the Complement of © P 20 degrees upon the Equinottial Co- 
lure, on the other Side of the Meridian ; ( fo ſhall that Point be diſtant from che 
Point © god. Allo count the Complement of the Side © O, wiz. 33d. 20 m. upon 
the Horizon, on the other Side of the Meridian, (which Pont will be go d. diſtant from 
the Po;zr ©, upon the Horizon;) fo ſhall the diſtance between theſe ewo Points, (mea- 
lured by the Quadrant of Altitude, or by Compalles, ) contain 56 deg. 39 min. tor 
the Angle P © O, | 


And now by this one Data you have reſolved three Problems of the Sphere; for 


you have lound, f 


Y*: The Side Þ ©, the Complement of the Sun's Declmation 79 degrees. 
3 <2. "The Angle © PO, the hour from Midnight 4 hours 11 minutes. 

! 3- The A4rgle P ©. Q, the Angle of the Sun's Poſition 56 degrees 39 minutes, . 
atc 


© O, being an Arch of the Horizon, we ſuppoſe to be the Amplitude of the 


POETRY 


pe. 
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| . Case I. 7he Hypotenule P ©,-70 degrees, and the Side (or Leg) PO, 


51 deg. 30 min. being given, to find the other Lep, O ©, ; 
gles © PO, and.O © P. S and the An 


This Caſe diftereth little from the former; for PO being an Arch of the Meri- 
dian, and containing 51 deg. 30 min. the Meridias being ſet thereto in the Horizon 
turn the Globe about till 70 deg, of the EquinoGial Colure do touch the Horizon. So 
ſhall you find the degrees of the Horizon intercepted between the Colure and the 
Meridian to be _- 49 min. for the Side © O. The Angles at P and ©, are to be 
found 1n, all reſpeRts by their meafures, as in the former Caſe. 


And by this one Data, you have reſolved three other Problems of the Sphere, for 
by ic you have found, | 


\ 1. © O. The Sux's Amplitude from the North, 56 deg; 40 min. 
2. © PO. The hour from Midnight 62 deg. 45 min. or 4 hours 11 min. 
3. POO. The Avngleof the Sun's Poſition, 56 = 39 min, 
And if inſtead of the Leg PO, there had been given the Leg © O, you 
.C might have then found, [by bringing 70 degrees of the Equino&ial Co- 
lure, to meet with 56d, 40 m. of the Horizon, ] 
| 4 PO. The Latitude 51 4. 30 min. 
5. © 
CT 6eP 
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PO. The hour from Midzight, 4 hours 11 min. 
© O. The Avwghk of the Sun's Poſition 56d. 39 min. 


CASE Ill. The Hypotenuſe Pg, 70 _— the Angle P, 62 deg- 
45 min. _ grven, to find the two Legs, PO and © O, and the 


Angle P © 


Count the Angle P, 62 deg. 45 min. upon the Equino#ial from the Colure, and 
bring that Pome to the Braſs Meridian, and there keep the Globe faſt in the Meri- 
diaw ; then move the Braſs Meridian upwards or downwards in'the Horizon, till 
70 deg. of the Equinoial Colure do juſtly touch the Horizon, then ſhall the Braſs 
Meridian relt in the Horizon, at 51 deg. 39 min. for the Side P O, and the degrees 
of the Horizon intercepted between, the EquinoGial Colure, and the Meridian will be 
56 deg. 49 min. for the Side © O; and the diſtance between 33 deg. 20 min. of 
the Horizon, and 20 degrees of the EquinoGial Colyre ſhall be 56 deg. 3o min, for 
the Angle P © O. | 


So that by this ſingle Date, there are alſo three. other Problems reſolved, Via 
there is found, | 


1. The Side PO, the Latitude 51 deg. 30 min. | 
2. The Side © O, the Amplitude from the North 56 d. 4o min. 

| 3. The Angle P © O, the Angle of the Sun's Poſition. | 
And if inſtead of the Angle at P, the Angle at © had been given, you 
might then have found, [ by counting 29 deg: upon the Equinottial 
Colure, and to that Poixz apply 56 deg. $9 min. of the LZuadrant of 
. Altitude, (or a pair of Compaſles opened to that diſtance; ) then 
'5 turn the Meridian in the Horizas, and the Globe about his Axis, till 
70 deg. of the Cojure and 00 deg. of the Luadrent of Altitude do touch 


-.6 


the Horizon on either Side of the Meridian ; for then will the Meridian 
reſt 1n the Horizov, at 51 deg. 3o min. ] | Wa 

4- The Side © O, the Amplitude from the North 56 deg. 40 min, 

5. The Side P O, the Latitude 51d. 30m. : 

6. The Ang! © PO, the hour from Midnight 62 deg. 45 min. 
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CasSE IV. One Leg ©O, 56 deg. 40 min. and one Angle P© O, 56 4. 
39 min. being given, to find the Side P O, the Hypotenuſe P ©, and 


the Anzle @ ÞP O. © | 


Cotint upon the Horizon from the Braſs Meridian 56 deg. 4o min. the given Side 
(or Leg) © O, alſo from the Braſs Meridian, on the contrary Side thereof, count 
33 deg. 20 min. the Complement of © O, to which degrees apply oo deg. of the 
Duadrant of Altitude. Then move thg Braſs Meridian up and down in the Horj- 
zo, till the Equinottial Colure cuts 56 deg. 40 min. and 56 deg. 39 min. of the Qua- 
drant of Altitude do interle&t the Colure. So will the Braſs . Meridian reſt in the 
Horizon at 51 deg. 30 mim. For the Side P O, the Horizon, will cut the Equino&ial 
Colure in 70.,deg. Eor the Hypotenuſe Þ ©, and the degrees of the Equinettial inter- 
cepted' berween the Equinottial Colure.and the Braſs Meridian, will be 62 d. 45 m. 
for the quantity of the Arvgle © P O ; which was required. 


And by this Date, there are three Problems reſolved ; for there is found, 


I. The Side P O, the Latitude 51 d. 30 m. 

2. The Angle © PO, the hour from Midnight 62 d. 45 min. 

. The Side Þ ©, the Swr's diſtance from the Pole 59 deg. 

- But if the given' Leg had been © O, and the given Angle © P O, [by 
counting the Angle P upon the Equine#ial, and bringing that Pome 

+ to the Meridian, and moving the Meridian up and down 1n the Hor;- 

zon, till the Equinottial Colure did touch 56 d. 40 min. of the Horizon, ] 
you ſhould then have found, - 

4- The Hypotenuſe Þ ©, the Sun's diſtance from the Pole 50 deg. 

5. The Side P O, the Latuude 514d. 30m. 

6. The Angle P © O, the Angle of the Sun's Poſition 56 deg. 39 min. 

Allo, if the _— P ©, and the Angle © P O, Fad been given, [by 
counting the Angle © P © upon the EquinoGial, and bringing it to 
the Meridian, and moving the Meridian in the Horizon, will 70 deg. 
E = Equinottial Colure did touch the Horizon,] you might then 

na, 
7. The Side © O, the Sun's Amplitude from the North 56 deg. 40 min. 
8. The Side © P, the Swn's diſtance from the Pole 70 d. 
g. The Arele P© O, the Angle of the Sun's Poſition 56 d. 39 m. 7 

And again, if the given Side (or Leg) had been P O, and the Angle 
O©P, [by ſetting the Braſs Meridian to 51 deg. 30 m. in the Ho- 

| _ ri20n, and turning the Body .of the Globe about till the Equinottial 

| Colure, and the Horizon do make an Angle of 56 d. 39 min.] you might 
then hnd, 7 

10. The Hyporenuſe ÞP ©, the Sun's diſtance from the Pole 70 deg. 

11. The Side © O, the Sun's Amplitude from the North 56 deg. 40 min. 

Tt 12. The Angie © PO, the hour from Adfidnight 62 deg. 45 min. 


1, 
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CasEg V. The two Acute Angles © PO, 62 deg. 45 min. and POO, 
56 deg. 39 min. being given, to find the Side PO, Po and ©O. 


Count the quantity of the Angie © PO, 62 deg- 45 min. upon the Equine#ial, 
from the Equmo#ial Colure, bringing thoſe degrees to the Merrdian, and there hx 
the Ghbe ; then move the Meridian upward or downward in the Horizon, Gill che 
interſetion of the Equine#ial with the Horizon do make an Angle of 56 d. 39 m. So 
ſhall the Side Þ O be found to be 51 d. 3o m. the Leg © Þ 56 d. 4o m. and the Hy- 
potenuſe P © 50 deg. 


A 


And 
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And from this Data, three Problems are reſolved; for you have found, 


1. The Side P O, the Latitude 514. 30 m. 
3! 2. The Side © P, the Amplitude from the North 56d. 40 min. 
3. The Hypotenuſe P ©, the Swr's diſtance from the Pole 70 deg. 
This laſt Caſe may beſt be reſolved by changing of the Angles into Sides, as ſhall 


be hereafter taught: 
Ty 


Theſe are the Five Caſes of Ru angled Spherical Triangles : And bere you ſee that 
in this one Right angled Spherical Triangle, by the ſeveral Parts given i theſe 
Five Caſes, there are 30 Spherical Problems reſolved: Namely, 3 by the Firſt 
Caſe, 6 by the Second Cale, 6 by the Third Caſe, 12 by rhe Fourth Caſe, and 
z. by oe Fifch Caſe. 4nd ſo many are reſoloable in every Right angled Spherical 

riangle. 7 


SECT. I. 
Of Oblique angled Spherical Triangles. 


Ta Triangle, which I ſhall make uſe of for the reſolving of the Six Caſes Fig. VI. 
KL of Oblique angled Spherical Triangles, ſhall be the Oblique Triangle Z P E, Ob- 
| tuſe angled at Z,; having 3 1n the middle of it. 


In which Triangle, 


'CZ P, being an Arch of the Braſs Meridian, we will ſuppoſe to be the Complement 
of the Latitude of London, containing 38 d. 3o min. 

PE, being an Arch of a Meridia» Cor Hour Circle) we will ſuppoſe to be the 
_ m__ from the Pole, or the Complement of the Sun's Declination North- 
ward 70 deg. 

F- E, being an Arch of an Azimuth (or Vertical Circle) let be the Complement of 
the Sus's, or a Star's Altitude, and to contain 47 d. 12 min. 


de 
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'CZP.E, is the bour from Noon, whoſe Meaſure is to be reckoned upon the Equi- 
nofial, between the Equinofial Colure and the Braſs Meridian, and will be 

| found to be 45 deg. or 3 hours in time. 

(EZ P, is the Sun's Azimuth from the North part of the Meridian, and is to 
be meaſured upon the Horizon between the North part of the Braſs Meri- 

| dian, and the Quadrant of Altitude, and will be found to be 115 d. 6 m. 

ZEP, is the Angle of the Sun's Poſition at the time of the _— » and 
may be meaſured either by turning of the Luadrant of Altitude to the con- 
trary Side of the Meridian, and counting thereupon the Complement of the 
Side E Z, 42 deg. 48 min. and the Complement of the Side Z Þ 20 deg. upon 
the Celure; and the diſtance of theſe two Points ſhall be the Meaſure of the 

| Angle Z, E, P, which will be found- to contain 36 deg. 52 min. Or you 


The Angle 


may turn the Triangle, and place ZE, in the place where before Z P 
was placed, and then may that Angle be meaſured upon the Equinettial 
L between the Colure and the Braſs Meridian, as the Angle ZP E was. . 


The ſeveral Sides and Angles of this Triangle being diſcovered, I will now come 
to ſhew the ſeveral Csſes which will ariſe out of this, and every Oblique Spherical Tri- 
ngle ; but firſt let me ſhew you, | 


How 
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How to expreſs the Triangle «pon the Globe. 


Elevate the Pole of the Globe to the Complement of any of the Sides of the 7x; 
_ axgle, as in this Example, to 51 deg. 30 min. (which 1s the Complement of the Side 
Z, P,) then count the Side Z, P 38 deg. 3o min. from the Pole, and thereto ſcrew 
the Quadrant of Altitude. This done, count the Side E Þ 750 deg. upon the Equi- 
netial Colure from the Pole, and the Side Z, E upon the Luadrant of Altitude from 
the Zenith downward, and ſo move the Globe and Quadrant of Altitude together, 
till the numbers counted upon both of them concur in one Pont ; and fo ſhall 
| you have your Triaxgle exactly delineated upon the Globe ; which being done, I 
proceed to the Six Caſes of Oblique angled Spherical Triangles , and to ſhew the 
Variety of Problems that will naturally arſe out of the ſolving of every ſuch Oblique 
Triangle. | | 


CASE I. The Side Z P 384. 30 m. The Side EP 70d. and the Sidc 
ZE 47 d. 12 m, being given, to find the Angles, 


Elevate the Globe to the 51 deg. 30 min. the Complement of Z, P, and count the 
Side 7, P, the Complement of the Latiude 38 deg. 3o min. from Þ to Z,, and there 
| faſten the Quadrant of Altitude, Then count the Side E P, the Complement of the 
Sun's Declination 70 deg. upon the Colare from the Pole downwards : Alſo count the 
Complement of the Sun's Altitude 47 deg. 12 min. The Side Z E, upon the Qua- 
drant of Altitude downwards; and move the Globe and Luadrant together till 50 d. 
of the Colure, and 47 d. 12 m. of the Quadrant do meet : So 15 your Triangle repre- 
lented upon the Globe. 


Now to find the ſeveral Amgles, C1.) For the Angle at Z, count the number 
of degrees of the Her:20om, which are contained between the North part of the Me- 


r:d:any and the Luadrant f Altitude ; and you ſhall find them co be 115 de. 6 m. 


and that is the quantity of the Angle EZP, and 1s the Sun's Azimuth from the 
North part of the Me#1d4ian. (2.) For the Angle Z PE, count the number of de- 
grees of the Equmedial, which are contained between the South part of the Meri- 
dian and the Colure ; which you will find to be 45 deg. and that is the quantity of 
the Angle Z P E, which is the hour from Now, namely Nine in the Morning, 
or Three in the Afternoon. (3.) For the Angle Z EP, (either change the 77;- 
angle by elevating the Globe anew, or) count 42 deg. 4$ min. the DR of ZE, 
upon the Lnadrant of Altitude, (it being brought to the other Side of the Meridian, ) 
and alſo count the 20 deg. the Complement of E P, upon the Colure, (on the ather 
Side of the Meridian,) the diſtance between theſe two Points, meaſured by Com- 
paſſes or otherwiſe, will be found to contain 36 deg. 52 min. equal to the Angle 
Z EP, which is the Angle of the Suv's or Star's Poſition at the time of the Que- 


ſton. 


FO by this one Data, you have reſolved three Problems: For you have 
ound, 


2. The Ang/e ZPE, the hour 45 d. or 9g, or 3 a Clock. 


1. The Angle EZP, the Sun's Azimuth 115 d. 6 m. 
3 
p The 4ng/e ZEP, the Sun's Angle of Poſition 36d. 52 ni. 


Caſe 
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CasSE Il. The two Sides FE 7. 47 deg. 12 min. ZP 33 deg. 30 min. and 
the Angle comprehended between them EZP, 15 d. 6 m. being given, 
to find the other Parts of the Triangle, 


Count P 7, 35 deg. 3o min. (the Glbe being elevated to the Complement there- 
of ) upon the Meridian, from Þ to Z;; and there ; A the Duadrant of Altzude: Then 
from the North part ot the Adzridian upon the Horizon, count the quantity of the 
Angle LP, 115 dg. 6 min. and thereto bring the Quadrant of Altitude : Then 
count the other given Side E Z, 47 deg. 12 min. upon the Quadrant of Altitude 
downwards; and turn the Globe about till the Equinaial Colure cut the Quadrant 
of Al:uude 1n 47 deg. 12 min. So 15 your Triangle delineated upon the Glebe. 


Mow to. find the ſeveral Parts. (r.) Fhe degrees of the Colure contained be- 


wecn the Pole and the £radrant being [he is the Side E P. (2.) The degrees 


of the Horizom between the Meridzan and Quadrant, being 115 deg. -6 min. is the 
Avrgle E, Z P, and (3.) The diſtance between the Complement of E Zi, upon the 
Qualrant of Altitude, and the Complement of E P upon the Culure (they being both 
continued to £radrants, on the other Side of the Meridian) will be found 36 degrees 
F2 mmnutes, Which is the Angle Z E P. | 


Thus by this Data you have found, 


the: have been found, 

4. PE Z., 'The Avgle of Poſition. 

. E 7, "The Complcuum of the Sun's Altitude. 

. EZ P, The Azimuth from the North. 

Or if the Sides ZE, PE, and Angle ZE P, had been given, there would 
. then be found, 

7. EZP, The Sun's Azimuth from the North. 

8. Z P, The Complement of the Latitude. 

19. ZP E, The Hyur trom Noon. 


ſi. E P, The Complement of the Sun's Declination. 

2. EZP, The Sun's Azimuth from the North. 

3. ZE. P, The Argle of the Sun's or Star's Poſition. 
1 Bur it the Sides ZÞP, P E, and Angle Z P E, hadbeen given, there would 
| 
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CasE I. The two Angles EZP, 15 deg. 6 min. and ZPE, 45 d. 
with the Side ZP 38 d. 3o m. comprehended between them, given, to 


find the other parts of the Triangle, 


Count 3$ deg. 30 min. the Side ZP, upon the Meridian from the Pole, and 
thereto ſcrew the Quadrant of Altitude; then count 45 deg. the Angle Z PE, up- 
on the Equinotiial, ( beginning ac the Colure) and bring thoſe 45 degrees to the 
South part of the Braſs Meridian. Again, count 115 deg. 6 min. the Angle E ZP, 
upon the Horizon, tron: the Nortb part of the Merid;an, and thereto bring the 


Quadrant of Altitude. And {o have you repreſented your Triangle upon the Globe. 


Now to find the other Sides, and Angle. (1.) The degrees contained between 
the Pole and the Colure upon the Quadrant ; namely, 47 deg. 12 min. will be the 
Side Z, E. (z.) And the degrees berween the Pole and the Quadrant upon the 
Colure, viz. 70, Will be the Side E P. (3.) And the diſtance berween the Comple- 
ments of the Sides E Z, and EP, being continued to Quadrants on the other Side 
of the Meridian; namely, 36 d. 52 nun. wall be the 4»gle ZEP. 


And 
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And by this Data, you have found, 


'C1. Z E, The Complement of the Sun's Altitude. 

2. E P, The diſtance of the Sun from the Pole. 

2. ZE P, The Angle of the Sun's Poſition. 

But if the Side E P, and the Angles ZE P, and ZP O, had been given, 
there would have been found, 


E Z, The Complement of the Sun or Star's Altitude. 
9.5. EZP, The Sun's or Star's Azimuth from the: North. 
IE 7, Þ, The Complement of the Latitude. 


And if the Side ZE, and the Angles PZE, and P E Z, had been given, 
you might then find, | oe 

7. Z P, The Complement of the Latitude. 

8. ZP E, The Hour from Noon. 

9. P E, The Complement of the' Sun's or Star's Declination. 
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CASE IV. The two Sides Z P, 38 deg. 30 min. and E P, 70 geg. with 
the Angle ZE P, 36 deg. 52 min. being given, to find the other Side 
and Angles. 


To reſolve this Caſe, you may (if you pleaſe) revert the Triangle, by elevating 
the Globe to 20 deg. the Complement of the given Side P E, then counting 70 d. 
the Side E ÞP, upon the Meridian from the Pole, there ſcrew the Quadrant of Alt:- 
tude, Then upon the Horizon, count 36 deg. 52 min. the given Angle E, and to 
them bring the Quadrant of Altitude. So have you fixed the Angle ZE P. Then 
turn the Globe about, till 38 deg. 30 min. the other given Side Þ Z,, do touch 
the 2uadrant, which it will do.in 47 deg. 12 min. for the SideE Z. And for the 
Angle P, the degrees of the Equinottial between the Meridian and the Colure, vis. 
45, is the Angle at P, and for the Ang/c at 7, it may be found by reverting of 
the Triangle again, or by the Complements of the Sides extended on the other Side of 
the Meridian, as hath been before taught. Laſtly, for the Side EZ, you have it up- 
on the 2uadrant 47 deg. 12 min. | 


The Triangle being thus delineated, you have found (r.) the Side EZ 47 d. 12 m. 
(2.) the Angle P, 45 d. (3.) the Angle EZP, 115 d. 6 min. 


© I thought good in this place to inſert this manner of Change, not only for va- 
ety, but becauſe in this and the next Caſe the Triangle may be more readily del:- 
neated upon the Globe. | bt 


And in this one Data you have found, 


1. E Z, The Complement of the Sun's Altitude. 
2. LP E, The Hour from Noon. 
3. EZP, The Azimuth of the Swn or a Star from the North. 
But if the Sides Z P, and E P, and the Angle EZ, P, had been given, 
| you would then have found, 

4. E Z,, The Complement of the Sun's or Star's Altitude. 
:15- ZEP, The Angle of the Sun's or Star's Poſition. 
| 6. A PE, The hour from Noon. 
| And if there had been given EP, EZ, and EZ P, then would have 
| been found, 


— es 


7. Z. P, The Complement of the Latitude. 
8. ZP E, The Hour from Noon. 
9. ZE P, The Angle of Poſition. 

| In like manner, if PE, EZ, and ZPE, had been given, you would 
| have found, | 
#10. Z P,*The Complement of the Latitude. 
| 11. EZP, The Azimuth from the North. 
I 


2. ZE P, The Angle of Poſition. 
Again, 


. 


—— 
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11. Z, E ÞP, The Angle of Poſition. 2 
|15. EZ P, The Azimuth from the North. EY 
Laſtly, If EZ, Z P, and the Angle Z EP, had been given, there would 
have been found, | 
16. PE, The Complement of the Sus's or Star's Declination. | 
| 17. ZPE, The Hour from Noen. 7 
L138. E ZP, The Azimuth from the North. 


13. PE, The Sun's diſtafice Fom the Pole. 


CASE V. The two Angles EZP, 115 deg. 6 min. ZPE, 4s deg 
__ with the Side PE, 70 deg, being given, to find the reſt of he Ti 


anplc. 


 Elevate the Globe to 20 deg. the Complement of the Side E P. Then. count the 
given Side EP, 70 deg, upon the Meridian, from Þ to Z, and there fix the Qua- 
draw. Then the given Angle EP Z, being. 45 deg. count 45 degrees upon the 
Equinoetial from the Colure, and bring that Point under the . Meridian : So have you 
conſtituted the Side E Þ, and the Angle E Þ Z. Now for the Angle E Z P, you 
muſt either revert the Triangle again, or find it by the Complements of the Sides Z, E, 
and Z P, extended to Luadrants on the other Side of the Meridian, which you ſhall 
find ro be 115 deg. 6 min. | 

The Triangle thus conſtituted, (1.) For the Side Z, P, the degrees of the Colare 
between the Pole and the Luadrant being 38 deg. 3o min. is that Side. (2.) The 
degiees of che 'Luadrent of Altitude, between the Zenith and the Colure, being 
47 deg. 12 min. 1s the Side EZ. (3.) The degrees of the Horizon between the 
Micridian and the Luadrant of Altitude being 36 deg. 52 min. is the quantity of the 
Angle Z i P. | 


By which ſingle Data, you have found, 


ſr. Z, P. The Complement of the Latitude. 
2. E Z, The Complement of the Altitude. 
3. LE P, The Angle of Poſition. - 
Burt If the Avgles EZP, ZPE, and the Side Z. E, had been given, then 
| might you find, , 
4. Z P, The Complement of the Latitude. 
| 5. PE, The Swn's diſtance from the Pole, 
[6. ZE P, The Angle of Poſition. 
| Or had there been gwen ZP E, ZEP, and the Side E P, you might 
from thence hind, 
'n. Z P, The Complement of the Latitude. 
. E P, The Complement of the Sun or Star's Declination. 
.E Z P, The Sun's Azimuth from the North. | 
| And if the Avgles ZPE, ZEP> with the S;de Z P, had been given, then 
185 would have been found, 
10: Z E, The Complement of the Sun's Altitade. 
11. P E, The S#x's diſtance from the Pole. 
12. EZ P, The Sun's Azimuth from the North. | | 
Bur if the Angles ZEP, EZ P, and the Side Z Þ, had been given, then 
you might find, | 
13. Z E, The Sux's diſtance from the Zenith, 
14. P E, The Sun's diſtance from the Pole. 
Is 
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I 
P E, The Hour from Noon. 
And laſtly, had there been given the Angles ZEP, EZ P, and the Side 


P E, then might be found, 


16. Z E, The Complement of the Sun's or Star's Altitude. 
17. Z P, The Complement of the Latitude. 
18. ZPE, The Howr from Noon. 
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CASE VI. The Three Angles EZ P, 115 deg. 6 min. the Angle EPZ, 
45 deg. and the Angle ZEP, 36 deg, 52 min. being given, to find the 
Gor ded 


This Caſe may beſt be reſolved by turning the Angles of the Triangle into Sides, 
as ſhall be taught by and by 3 and ſo by this Dare, you may find, 


t. Z E, The Complement of the Sun's Altitude. 
2. Z P, The Complement of the Latitude. 
3. E P, The Complement of the Sun's Declination, 


And thus have you out of ths me Oblique Spherical Triangle, by the wariety 
that theſe Six Caſes afford, no leſs than Threeſcore Problems reſolved, wiz. 
3 in the Firſt Caſe, 9 i» the Second Caſe, 9 im the Third Caſe, 18 in 
the Fourth Caſe, 18 i*s the Fifch Caſe, and 3 in the Sixth Caſe; in af 
60. And ſo many Varieties or Changes are there in every Oblique angled 
Spherical Triangle. And beſides theſe Varieties, this Triangle ZE P, « nt 
peculiar only to the appeliations that I have here given them, but to ther puryo- 


fes alſo. Fer, 


This Oblique angled Triangle 15 not capable only of reſolving the forementioned 
j gong Queſtions , but may be applied to Geographical or Nautical Queſtion: 
. For, | 


I- The Side Z P, may repreſent the Complement of the Latitude of that Town or 
City whole Zenith Point is 'Z. | 
2. The Side E Z, may repreſent the diſtance between thoſe two Cie or 


Towns. 
3- The Side PE will be the Complement of the Latitude of that City or Town 


at E. | 
+ The Angle E P Z, is the Difference of Longitude between the two places E 
and Z | 


$. The Angle P ZE, the Point of the Compaſi leading from Z to E. 
6. The Angle PEZ, the Point of the Compaſs leading from E to Z. 


And in this Triangle the ſame things being given, they may be varied as be. 
fore, and afford as many Queſtions 1n Geography or Navigation as in Aſtronomy : 


Namely 60. | 
Moreover , in the ſame Triangle, if you Ry the Side P Z to be 23 deg. 


39 min. the diſtance of the Pole of the World , from the Pole of the Ecliptick : 
Then will, 


\ 
on. = Side Z P, be the diſtance of the Pole of the World from the Pole of the 
iptick. 
2. The Side P E will be the Complement of the Declination of a Star at E. 
3. The Side Z E, will be the Northern Latitude of the Star at E. 
4. The Angle EP Z, will be the Complement of the Star's Right Aſcenſion. 
5. The Angie PZE, is the quantity of the Star's Longitude. 
6. The Angle P E Z, is the Angle of the Star's Poſition. 


And this way it will afford 60 Varieties more, as is before intimated. 


Theor 
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THEOREM. The Sides of any Spherical Triangle, may be turned into 
Angles; Gr contra, the Complement of the Greateſt Side, or Grea- 
teſt Angle (to a Semicircle) being taken for the Greateſt Side; or Grea- 
teſt Angle. 


Demonſtration, 
F*3 ABC, be a Spherical Triangle Obtuſe angled at B. And let 


_ iF be the Meaſure ic 


Ef: 
4 D - the Angle QB oe. of its Complement, F B G, it being the Angle of 
the Triangle. 


Now, 
K L DE 
LM & is equal to J G 
K M H 1 
Becauſe 
KD/_ALE / are Quadrants, and, L D 
L G - FM their Common 4L F 
K I MH Complement is K H. 


Therefore, The Sides of the Triangle K LM, are equal to the Angles of the 
Triangle A BC, taking for the Greateſt Angle A B C, the Complement thereof 


F BG. 
Tt may alſo be demonſtrated, that the Sides of the Triangle A BC, are equal to 


the Angles of the Triangle K I. M, by che converſe of the former. For, 


STAB | O PZ the Mea-WMLK. 
o& <B Cp is equal togF Hp> ſare of thedLMK; 
AC DIY Ame GDKI. Of the Complement 


bh 
of the Obruſe Angle M K L. 


For, 


AD C IJare Luadrams, and, CD 
AP4and JO BY their Common/A O 
B F cy Complement is DCE. 


Therefore, The Sides may be turned into Angles, and the contrary ; which was 
to be demonſtrated. And by this Converſion, may the Fifth Caſe of Right, and the 


Sixth Caſe of Oblique Spherical Triangles be reſolved. 
The Demenſtration of this Theorem is handled at large, in the affe&ions of Spheri- 


cal Triangles, Chap. I. Paragraph 7, of Spherical Triangles. Pag. 


How a Perpendicular is to be let fall in any Oblique Spherical Triangle, 
thereby dividing it into two Right angled Triangles. 


"TY Problem is not of any Uſe in the Sotution of Triagles by the Globe, as is 
evident by what hath been already delivered concerning the ſolving of them : 
But for that in Trrgonometrical Calculations, there 15 a neceflity for ſo doing, and the 
doing of it no leſs difficult to conceive or imagine ; and ſeeing how naturally, and 
hvely it 1s repreſented upon the Globe, I will therefore here inſert it; and the Demon- 
ftration of it depends upon this Theorem. 


If two Great Circles of the Sphere ſhall paſs through each others Poles, thoſe two Cir- 
cles ſhall cur each the other as Right Angles. 


' In the Oblique angled Triangle Z, E P, before made uſe of, let there be given, 
(1.) the Side PZ. (2.) The Side E Z, and (3.) The Avgie EPZ, and let 5 
4LLE3 


| CET 
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be required to find the Side P E. This Problem is done by the Globes , by the 
Fourth Caſe, as you may there ſee, without the help of any Perpendicular ; but in 
Calculation it is wholly neceſſary, and therefore may well deſerve the place cf a 
Problem here. | E 

The Triangle being deſcribed upon the Glibe, let it be required to let fall a Per. 
pendicular from the Angle Z,, upon the Side EP: The Meaſure of the Given An- 
ole P, being upon the Equine&ial, ſee upon the Globe where the Side Þ E (being 
extended) cuts the Equinodial, and fiom that Point count go degrees upon the 
Equinc&ial, and that Point ſhall be the Pole of the Circle (P FE.) ( For the Peles of 
all Great Circles are « Quadrant, or go degrees diſtant from their Peripheries: ) where- 
fore the Luadramt of «Altitude being fixed in Z, bring it to this Pemt found in the 
Equino&ia!, and then will it cut the Side E P in the Pome where the Ferpendicular 
muſt fall, which will be at K, 29 degrees 21 minutes diſtant from P. : 
This Theorem 1s allo Demonſtrated in the forementioned Chap. I. 


CONCLUSION. 


N the foregoing Precepts, I have made uſe only of two Triangles for the Solu- 
tion of the Five Caſes of Right, and the Six Caſes of Oblique angled Spherical 


Triangles ; namely, of the Triangle P O © for Right angled, and ZE P tor 06- 


lique angled. Yet in the Figure of the Globe by the Interſe&ion of the ſeveral Cir- 
cles thereof, there are divers other Triangles ( both Right and Oblique) conſtituted, 
all which the foregoing Rules and Caſes will ſufficiently ſolve. A tew of the Prin- 
cipal I will mark in the Globe by numerical Figures, for diſtin&tion, and give you 
an account of what Circles they are compoſed, and what Queſtions of the Globe are 
Reſolvable thereby. 

The Triangle that I have made uſe of for Right angled Triangles, viz. P © O, 
T have marked wich che Figure 1. And the Oblique Triangle Z E P, with the Fi- 
gure 2; and ſhall ſay no more of them, having ſufficiently deale with them alrea- 
dy 3 For come to give you an account of ſuch other as I have marked in che Fj- 

ure, An 


The firſt that I ſhall take notice of is, the Triangle A K M, marked with the 
Figure 3. Right Angled at M, which 1s conſtituted of, | 


AK an Arch of the Equine&ial. 
A M an Arch of the Ecliprick, and | | 
K M an Arch of a Circle of Longitude paſling through the Poles of the Ec- 
liptick. | | 
In this Triangle, 


«. 


The Side A M, 15 the Sun's or a Star's Loygitude, or diſtance from the Equine- 
Gial Point A. 


K M is the South Latitude of a Star at M, or the Suns South De- 
The Side climation. | 
fs AK is the Right Aſcenſion. | 


(K AM is the Sun's greateſt Declination. 
AK = the Angle the Circle of Longitude mak with the Equi- 
noctial. 


AMK is a Right Angle. 


The ſecond Triangle that I ſhall take notice of is A © B, Riglt anzled at B, and 
marked with the F:gure 4; and which is conſtituted of 


A ©, an Arch of the Horizon. 
A B, an Arch of the Equmodial, and 
B ©, an Arch of .a Meridian or Hour-circle. 


The Angle 


In 


Ve Aug 2. 
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, In = Triangle, 

A © is the Amplitude of the Sun's Riſing or Setting from A, the E 
or Weſt Points of the Horizon. v E ; # 
3 © is the Sun's Dechination North 

\ B 1s the Aſcenſional Difference, 


© BA is a Right: Angle. * =] 


B 


The Side | 


The Avrgle go AB is the Complement of the Latitude. 
AOB is the Angle of the Sun's Poſition at his Riſing. 


The third Triangle that I here take notice of, is the Triangle A I, F, Right angled 
at F, and marked with the Figure 5. The which 1s conftinies of +5 ae 


AL, an Arch of the Equino&#ial Colure. 
A F, an Arch of the Horizon, and 
LF, an Arch of an Azimuth or Vertical Circle; 


In this 774a#gle, 
\AF is the Sun's Azimuth being Eaſt or Weſt. 
The Side <A L 15 the Sun's Declination North. 
LF 1s the Sur's Altitude at Six a Clock. 


— 


LFA 1s a Right Angle. 
The angle AF 1s the Zajuads i: 
ALF 1s the Angle of Poſition. 


The Fourth and Laſt Triangle that I ſhall: mention, is A D C, Right angled at C, 
and marked with the Figure 6, and is compoſed of | 


AD, an Arch of the Prime Vertical Circle; or Azimuth of Eaft or Weſt. 
A C, an Arch of the EquinoGial. | | 
DC, an Arch of a Meridian or Hour Circle. 


In which 7riazg/e, 
A D is the Sun's Altitude when he is due Ezft or Wee. 
The Side ZAC is the Aſcenſional difference. | 
DC is the Sun's Declimation North, 


Ss 


ADC is a Right Angle. 
The Ample Ic D A an Angle of Poſition.” - 
DAC is the Latitude. 


Thus have you an account of Four other Right angled Spherical Triangles, wich 
the Aﬀettins or Natures of their Relp. ctye Sides aria Angles ; out of each of which, 
by the Varieties that will aale fron the Frve Caſes, mav be deduced 30 Problems, 
and In all the Four Triangles 120 Ir: blems. all which may bz performed according 
to the Directions of the [ive Caſes of Right” anzied Spherical Triangles; the Exer- 
ciling whereof 1 leave to the Þ aftrioner. There are divers other Triangles may 
be tound both R:gbt an Oblique angled, but theſe as the Principal L commend to the 
Practice of the young Tyre. | 
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By the Planifphere ANALEMMA. 


SECT. L 


Of Right Angled Triangles. 


(2) _ Right Angle at the Section of any Meridian and the Equi- 
nottial.. | 

3) The one Leg in the EquineFial, and the other in a Meridian. | 
(4) One Angle only entering the Queſtion, ts ſented at the Centre, between 

the Equino#ial and the Index, and is numbered in the Limb. | 
| (5) But ewo Angles entering the Queftiow, you muſt turn the Caſe, into an Ar- 
gle, and its oppolite Leg; for in the Triangle A B C, whoſe Right Angle is A, the 
other two Angles ABC and A CB, both entering the Queſtion , you muſt 
lengthen the Hypotenuſe to a full 2uadrant, to E, as allo the Legs adjacent to that 


(1) 6 ip E- Hypoteruſe is repreſented always upon the Index. 
( 


ro 


extremity of the Hypotenuſe from which it was lengthened, as in this Scheme, the 
Leg A C adjacent to C, from which extremity the Hyporenuſe was lengthened : And 
ſo in the Triavgle CDE Right angled at E. The Angle DCE is equal to BCA, 
and the Leg, DE is equal to the Complement of the other Angle at B. 


SECT. IL 
Of Oblique Angled Spherical Triangles. 


(1) Three Sides being given, to find an Angle oppoſite to any of them. 


Reckon the greateſt Leg from the Pole upon the Limb, and where it endeth ap- 
ply the Index; upon this Index reckon from the Limb, the Baſe, (that i3, the Side 
oppolite to the Angle ſought,) and to the Point of the Index where this Baſe endech 
apply the Square: Then look where this Square cutteth the Parallel of the leſſer 
- Leg, to be reckoned from the Poles, and oblerve what Meridian paſſeth by this 


Section 


Eg 
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 Seftion of the Square and Parallel, for where this Meridien cutteth the Equinotial, 
__ yu have the Meaſure of the Angle ſought, to be reckoned from thence to 
the Limb. 


2) Three Angles given, — turn them into Sides, and do with them as wich the Li 
Staes. 
(3) The parts given and ſought being altogether oppoſite. 

Reckon the greater of the two firſt terms upon the Index, and where this nu- 
meration endeth upon the Index, apply that Point to the lefſer of the ſaid two firſt 
terms, Which Parallel is to be reckoned from the Equino#ial, then order the terms, 
reckoning the friſt and third both upon the Index, or both upon the Parallels, and 
ſo likewiſe do with the ſecond and fourth terms. 

(4) Two Sides with an Angle between them given, to find the third Side. 

Reckon the greater Side given from the Pole upon the Limb, and to the end of 
it apply che Index : Reckon the other Side given upon the Parallels from the Pole : 
and the Angle given upon the Equino#ral from the Limb, and the Meridian it comes 
to, purſue till you come to the Parallel of the leſſer Leg, and-to this Sz&ion of the 
ſaid Meridien and Parallel apply the Square or Curſor, ſo it may juſtly lye on the 
Index, and mark what Point of the Index ic pointeth our, for this Point of the Index 
counted f'om the Limb, 1s the third Side required. After the third Side is found , 
you may find either of the unknown Angles by the Rule of oppoſite parts. 

(5) Two Sides and an Angle oppoſite to the Leſſer of them given, to find the third 
Side. | | 
Reckon the Difference of the given Sides, and the Summ of them, (one and the 
ſams way.) from the Pole, and mark the Points where both of them do end. Count 
alſo the Angle given upon the Equino#ial from the Limb, and mark what Meridian 
it cometh tro. Then extending a Streight Line between the two Points marked in 
che Limb, it will cut the ſaid Meridien in two places; fo you are to obſerve the 
Parallels, where the Streight Line cutteth the ſaid Meridian, for theſe being reckon- 
ed from the Pole, will give you the quantity of the third Side required ; for this 
ſame third Side may be of a two-fold Pn—_ the lefler it is, when the Angle Op- 
polite to the greater given Side 15 Ovruſe : And the Greater it is, when the ſaid 
Angle (oppoſite to the greater given Side) is Acute. 

(6) Two Sides and an Angle oppoſite to the greater of them given, to find*the third 
Side. 
Reckon the Difference of the given Sides from the Pole one way, and the Summ 
of the ſame the other way. Count allo the given Angle upon the Equino#ial, and 
extend the Screight Line cutting the Meridian as in the oregoing Seton, for now it 


will cut but once, and lo the chird Side admitteth only of one {Ingle Anſwer. 
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